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Introduction 
Julia and Tim are 15-year-old students. They are in the same year in a secondary 
school close to their homes. Julia enjoys school and usually gets good grades. In 
contrast, Tim does not perform very well in school. This is remarkable because he 
has the potential to be a good student, according to himself and his parents. Now, 
he is studying at the preuniversity level (vwo). Because of his low grades, next year 
he will have to go to the lower general secondary education level (havo).
Why do Julia and Tim perform so differently in school? Recent scientific research has shown 
that a range of factors can underlie these individual differences in school performance. Well-
known influences are differences in intelligence, motivation, and personality. Children and 
adolescents also differ widely in time spent on homework. In addition, background of the parents 
and socio-economic status appear to be of quite some importance (e.g., Brinch & Galloway, 
2012; Cooper, Robinson, & Patall, 2006; Covington, 2000; Poropat, 2009; Sirin, 2005; Spinath, 
Freudenthaler, & Neubauer, 2010). The present thesis approaches this issue from an angle 
that has not been taken very often. It uses concepts and methodology from neuropsychology 
and developmental cognitive psychology to find answers to the question why some students 
perform well in school, while others do not. 
Background
The years 1990 to 1999 were declared the Decade of the Brain. In this time period, an influential 
paper by Byrnes and Fox appeared in a major educational science journal (Educational 
Psychology Review) (Byrnes & Fox, 1998). Byrnes and Fox stated that knowledge about the 
brain and brain functioning could be important for education. They proposed that new insights 
obtained from the neurosciences should not be ignored in educational research. 
Around this time, in 1999, a large worldwide investigation started on the role brain sciences 
could play in education and educational sciences. This project was called ‘Learning Sciences 
and Brain Research’. It was initiated by the Organisation for Economic Co-operation and 
Development (OECD), more specifically its Centre for Educational Research and Innovation 
(CERI). This project led to two research reports (OECD, 2002 and 2007), which announced 
‘the birth of a new learning science’ and presented a number of possible applications of brain 
science for education. In The Netherlands, a national committee on ‘Neurosciences and the 
brain’ authored the book ‘Learning to know the brain’ (Jolles et al., 2005, 2006; in Dutch: Leer 
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het brein kennen). Other examples of the dialogue followed (e.g. Howard-Jones, 2007; Ansari 
& Coch, 2006, De Jong et al., 2009, Tokuhama-Espinosa, 2010). 
Although this was not the first time in the history of psychology that an attempt was made to 
use knowledge of the brain to understand learning and education (see Tokuhama-Espinosa, 
2010), it has been a very fruitful one. It has led to several communities of researchers who work 
in a broad domain of education in relation to brain function, such as the International Mind, 
Brain, and Education Society (IMBES). Likewise, the European Association for Research on 
Learning and Instruction (EARLI) has established a special interest group ‘Neuroscience and 
Education’. Two scientific journals have recently started, which are completely devoted to this 
topic, namely the journal Mind, Brain, and Education and the journal Trends in Neuroscience 
and Education. By now, worldwide, various research labs have been formed, which are devoted 
to the topic of neuroscience and education. Finally, a great number of institutions now offer 
courses on the subject for researchers and practitioners. Thus, neuroscience and education has 
become a hot topic in the international science community. 
What kind of knowledge from neuroscience may be important for education? Clinical studies, 
experimental studies, and animal research have resulted in a vast literature of findings that show 
how learning experiences change the brain. In many articles and books, these fundamental 
findings have been mentioned as an example of the possibilities of neuroscience for education 
(Ansari, 2012; Blakemore & Frith, 2005; Byrnes & Fox, 1998; Goswami, 2004; Howard-Jones, 
2009; McCandliss, 2010; Posner & Rothbart, 2005). 
From studies in rodents it was already known that brain structures and functions change 
in reaction to learning, a characteristic of the brain called plasticity. Since the invention of 
Magnetic Resonance Imaging (MRI) it is possible to investigate in humans how the brain 
adapts to changes in the environment. One of the first MRI studies demonstrating plastic 
changes in the human brain in relation to experience was the ‘Juggling study’ by Draganski and 
colleagues. They showed that in adults who learned to juggle, brain volume increased in brain 
areas where complex visual information is processed. When those participants did not juggle 
for a few months, the volume of these brain areas decreased again (Draganski et al., 2004).
Another study investigated the hippocampi, brain structures that play a role in memory, of 
London taxi drivers who had learned the whole city map of London as part of their training. 
Results showed that part of their hippocampi were enlarged compared with those of others who 
did not drive taxis. This enlargement was probably due to the taxi drivers’ excellent knowledge 
of spatial navigation in London (Maguire et al., 2000). Thus, these studies on plasticity 
demonstrate brain mechanisms underlying learning, and also illustrate how neuroscience can 
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possibly contribute to the science of learning and education. Similar recent discoveries in the 
neurosciences are central to the current thesis. These new insights concern development and 
functioning in adolescence. 
Adolescence and executive functions
Adolescence is the life stage which starts with puberty, and runs up to adulthood (Richter, 
2006). Since 2000, neuroscientific studies have shown that adolescence is characterized by 
important developmental changes in the brain (Giedd, 2008; Gogtay et al., 2004). Superfluous 
connections between brain cells are removed (a process called pruning) which makes the brain 
more efficiently wired. Especially prefrontal brain areas and neural networks in which these 
structures have a role develop during this time period (Blakemore & Choudhury, 2006). These 
developments continue up into the early twenties, and the peak of these developments is one 
to three years earlier in girls than in boys (Giedd, 2008).
The brain areas that develop in adolescence have been shown to contain networks of importance 
for what neuropsychologists call executive functions (Alvarez & Emory, 2006). Executive 
functions are often defined as the functions necessary for goal-directed behavior (e.g., Best 
& Miller, 2010). A range of executive functions has been described in the literature. Among 
the most important are inhibition processes, updating working memory, shifting, planning, 
organizing, self-control, and attentional control (Alvarez & Emory, 2006; Best & Miller, 2010; 
Hofmann, Schmeichel, & Baddeley, 2012). Neuropsychological studies have confirmed what was 
hypothesized from fundamental brain research: executive functions develop in adolescence, with 
some functions being fully developed earlier than others (Anderson, 2002; Best & Miller, 2010)
That executive functions are not fully developed yet in late adolescence, is seen in adolescents’ 
behavior. The middle-adolescent takes more risks and makes decisions in a different way than 
adults do. Even late adolescents are more guided by non-rational factors and the peer group than 
adults (Steinberg, 2008). Adolescents also have problems with planning and organizing. For 
instance, they are not very well able to plan their homework, which often results in a stressful 
night the day before a test. It appears that they know what they should do, but they do not act 
like it (‘Yeah mum, I will do my homework. But now I will go shopping with my friends!’). 
It has been hypothesized that the major changes in the brain during adolescence may make 
adolescents more sensitive to learning experiences that are related to executive functions 
(Blakemore & Choudhury, 2006). Considering the nature of executive functions, and the fact 
that they still develop in adolescence, it seems likely that they influence adolescents’ school 
performance. Yet, it is not clear to what extent these functions affect school performance in 
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typically developing adolescents. Studies who investigated this have used various methodologies 
and have found mixed results (e.g., Best, Miller, & Naglieri, 2011; Chan, Shum, Toulopoulou, 
& Chen, 2008; Gioia & Isquith, 2004; Latzman, Elkovitch, Young, & Clark, 2009; St Clair-
Thompson & Gathercole, 2006). 
Determinants of individual differences
Many factors contribute to differences in school performance between adolescents. Some 
of those determinants were mentioned at the beginning of this introduction: intelligence, 
personality, motivation, time spent on making homework and socio-economic status (see 
e.g., Brinch & Galloway, 2012; Cooper et al., 2006; Covington, 2000; Poropat, 2009; Sirin, 
2005; Spinath et al., 2010). Education might benefit from increased insights and knowledge 
of the determinants of individual differences in school performance. If one knows which 
factors influence school performance, interventions can be developed that improve school 
performance by targeting these determinants. In this thesis, we investigated three factors that 
may contribute to individual differences in school performance of adolescents: differences 
between boys and girls, breakfast, and sleep. For each of these factors there are indications 
that they relate to school performance in adolescents: not only from neuroscientific studies, 
but also from studies in domains such as biology, developmental psychology, and educational 
research. Below, these factors will be introduced.
Sex differences 
It is well known that adolescent boys and girls differ in behavior and school performance. 
Research shows that girls generally achieve higher school grades than boys (Freudenthaler, 
Spinath, & Neubauer, 2008; Jacob, 2002). Moreover, more girls than boys attend high education 
levels (Coenen, Meng, & Van der Velden, 2011; Jacob, 2002). Yet, the situation is a more 
complex than it seems from these findings, because when school performance is measured 
with standardized tests, girls often outperform boys on language tests, while boys do better in 
mathematics (Driessen & Van Langen, 2010; Van Langen, Bosker, & Dekkers, 2006). These 
findings on sex differences in school performance have recently lead to extended discussions 
in the public media on the question whether our current educational system and teaching 
methods suffice to equally support talent development in both girls and boys. 
One of the explanations that have been suggested for these differences is that sex differences 
appeared in the last few decades, when more women became teachers in primary schools. 
Therefore, it has been hypothesized that female teachers may be beneficial for girls, but not for 
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boys, who may benefit more from male teachers. Yet, several large-scale studies have shown 
that this hypothesis should be rejected: it does not appear to matter whether the teacher is male 
or female. In both cases, girls perform better than boys (Holmlund & Sund, 2008; Neugebauer, 
Helbig, & Landmann, 2010).
What may then explain sex differences in school performance? Possibly, sex differences in 
vocabulary underlie the observed sex differences in reading and language skills at school. Girls 
already show an advantage over boys in development of vocabulary at an early age (Özçalışkan, 
& Goldin-Meadow, 2010; Schachter, Shore, Hodapp, Chalfin & Bundy, 1978). Since vocabulary 
is an important component of language, this may be a cause of sex differences in performance 
in language tasks. 
Another explanation could be that sex differences in executive functions may explain sex 
differences in school performance. Boys and girls have reported differences in executive 
functioning in school (Coenen et al., 2011). Moreover, educational studies have shown that 
girls’ better performance is due to their better self-control and self-discipline (Downey, Yuan, 
& Anastasia, 2005; Duckworth & Seligman, 2006; Hyde, Lindberg, & Wilson, 2007; Steinmayr 
& Spinath, 2008). Self-control and self-discipline are supposed to be subserved by executive 
functions (Hofmann et al., 2012). Thus, executive functions may also underlie sex differences 
in school performance.
Breakfast 
Students’ eating habits may affect their learning. One possibly unhealthy eating habit is skipping 
breakfast, which is more common in adolescents than in younger children or adults. About 
10–30% of the adolescents skip breakfast (Rampersaud, 2009). Usually they do so, because they 
are not hungry, want to sleep, or are on a diet to lose weight (Rampersaud, 2009; Shaw, 1998). 
It has been shown that people who eat breakfast are more likely to meet daily nutritional 
requirements (Rampersaud, 2009). Still, it is unclear whether breakfast influences school 
performance (Hoyland, Dye, & Lawton, 2009; Rampersaud, 2009). On a physiological level, 
one hypothesized mechanism is that breakfast impacts learning, because it raises blood glucose 
levels in the brain, which in turn improves performance. This process is probably highly 
complex, with multiple hormones and neurotransmitters involved (Hoyland et al., 2009). A 
possible neuropsychological mechanism that explains how breakfast could influence school 
performance is through attention. Breakfast consumption may increase attention compared 
with breakfast skipping, and as a consequence lead to better performance in school.
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Sleep
Sleep affects learning in different ways. After a good night of sleep, people are better able 
to start the new day. That is not only because their body has received physiological rest and 
bodily resources are restored, also because they feel psychologically rested (Dahl & Lewin, 
2002). Moreover, a major finding from neuroscience is that information is reprocessed during 
sleep. Important information from recent experiences is selected and then stored in long-term 
memory, while irrelevant information is forgotten (Blakemore & Frith, 2005; Kopasz et al., 
2010). Thus, sleep helps to remember what is learned the previous day (Curcio, Ferrara, & De 
Gennaro, 2006). In addition, during sleep, emotional systems are restored, which makes it easier 
to react positively to new stimuli (Dahl & Lewin, 2002; Yoo, Gujar, Hu, Jolesz, & Walker, 2007). 
Of course, this applies especially to adolescents, who have busy lives with loads of experiences: 
they go to school, socialize, meet new friends, encounter new visions, and experience a lot of 
emotions. 
Many adolescents report that they feel sleepy the first hours at school (Crowley, Acebo, & 
Carskadon, 2007). This is because they go to bed late, but they do have to get up in time for 
school. This results in a lack of sleep during the week. In the weekends, adolescents usually 
catch up with their sleep by sleeping all morning. However, by getting used to waking up this 
late, it becomes even harder for them to get up at earlier hours during school days (Crowley 
et al., 2007; Fischer et al., 2008). 
There appears to be a biological cause for this sleep behavior. In adolescence, sleep regulation 
processes shift, which causes adolescents to become tired later at night than when they were 
younger (Crowley et al., 2007). Environmental factors also play a role. Many social and 
other activities for adolescents take place in the evening and at night, such as hanging out 
with friends, sports, online social networks, and gaming (Crowley et al., 2007). Probably, a 
combination of biological and environmental processes leads to the irregular sleep pattern 
of adolescents. 
Sleep has been shown to be related to school performance (Dewald, Meijer, Oort, Kerkhof, & 
Bögels, 2010). The exact mechanism is unclear. Possibly, lack of sleep, low sleep quality and/or 
sleepiness lead to a decrease in executive functions, which then influence school performance 
(Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 2009; Dewald et al., 2010). Moreover, because 
adolescent girls are slightly ahead in development compared with boys of the same age, and 
also show slightly different sleep patterns, it is possible that this mechanism is different for 
boys and girls (Dewald et al., 2010). 
Introduction
Chapter 1
15
Aim of the present thesis
The studies in this thesis cover three factors that each may explain some individual differences 
in school performance: the role of differences between boys and girls, breakfast consumption 
and sleep. In other words, the main question of this thesis is: 
1. Are sex differences, breakfast consumption, and sleep behavior determinants 
of individual differences in adolescents’ school performance? 
In addition, we asked:
2. What are the neuropsychological mechanisms that explain the relation 
between these factors and school performance?
We applied methods and concepts common in the disciplines and practices of neuropsychology 
and developmental cognitive psychology to answer these questions. Below we will explain the 
approach taken and discuss the content of the chapters.
Approach
Three large-scale data collections and one smaller data collection have been used to answer 
the main questions of this thesis. They all took place at secondary schools in The Netherlands. 
All data collections consisted of questionnaires, neuropsychological measures and measures of 
school performance. School performance has been operationalized in various ways: with school 
grades, with standardized tests of school performance, with students’ own estimation of their 
performance and with their parents’ estimation. In addition, because many schools emphasize 
cooperation as a skill that they teach their students, we also measured school performance with 
students’ estimation of their cooperation skills. 
STARS
The first data collection was called STudy of Adolescent Reasoning Skills (STARS), and was 
designed to investigate the development of executive functions in adolescents. In total, 267 
adolescents from seven secondary schools, a university, and a college participated. All studied 
preuniversity education or graduated from preuniversity education. Participants were selected 
to create a homogeneous sample of adolescents characterized by a normal development. 
This was done to minimize the impact of (unknown) external factors. Trained psychologists 
administered to all participants individually a battery of neuropsychological tests. This battery 
consisted of executive function tests, a vocabulary test and questionnaires. For all secondary 
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school students in the project, school grades were requested from their school’s administration. 
Parents of adolescents completed a questionnaire about their child.
Head Start (in Dutch: Voorsprong)
The second data-collection on which this thesis is based is called Head Start [Voorsprong], and 
was a large questionnaire study that aimed to get more insight into factors influencing learning 
in adolescents. In total, 911 adolescents from four secondary schools and six primary schools 
participated. Secondary school students were students from all grades in general secondary 
education level and preuniversity education level. Adolescents and their parents completed 
questionnaires on a variety of topics, such as motivation, choice behavior, vocabulary, sleep 
and eating behaviors, and intellectual environment at home. For all secondary school students 
in the project, school grades were requested from their school’s administration.
COOL5-18
The third data-collection was COOL5-18 (CohortOnderzoek Onderwijs Loopbanen, in English: 
Cohort Study of Educational Trajectories) (Zijsling, Keuning, Kuyper, Van Batenburg, & 
Hemker, 2009), which follows students from age 5 to 18 years through their whole educational 
trajectory. In total, 7793 students of 80 secondary schools participated in COOL5-18. Schools 
were selected when they were attended by a sufficient number of students who had participated 
previously in a cohort study in primary education (PRIMA). These students and their classmates 
were selected to participate in the data collection. In this thesis, data were used from the first 
wave among 9th grade students (age 14–15 years). These students completed questionnaires 
about themselves and school, and made standardized tests of Dutch, English, mathematics, 
citizenship and intelligence. Demographic information was gathered through questionnaires 
for the parents.
Vocabulary experiment
A smaller sample was recruited to investigate whether sex differences in performance on a 
vocabulary tests depend on how the words are presented in the test. ‘Does it make a difference 
when words are presented in a sentence, or not?’ For this question, we asked all eight grade 
preuniversity students of one secondary school to participate in our study. In total, data of 87 
eighth grade students (all except twelve) could be used in the study. 
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Chapters in this thesis
The remainder of this thesis consists of eight chapters.
In Chapter 2 is investigated whether sex differences in adolescents’ school performance can 
be explained by vocabulary. This question has been investigated in two studies, STARS and 
Head Start. 
Chapter 3 aims to explain the findings regarding vocabulary in Chapter 2. With an experiment 
is investigated whether sex differences in vocabulary of abstract nouns change when the words 
in the vocabulary test are presented in the context of a sentence. 
Chapter 4 investigates whether executive function measures explain school performance in 
adolescents, and whether this was different for boys and girls. This chapter is based on STARS. 
In Chapter 5, data from COOL5-18 are used to examine whether sex differences in self-reported 
cooperation skills can be explained by executive functions.
In Chapter 6, the relation between breakfast skipping and school performance is investigated 
based on data from Head Start. In this study was also examined whether the data supported 
the hypothesis that breakfast improves attention, and that attention in turn improves school 
performance. 
In Chapter 7, the relation between sleep and school performance is investigated for different 
measures of school performance in Head Start: school grades, estimation of performance by 
adolescents themselves, and their parents. 
Chapter 8 investigates whether data from COOL5-18 support the hypothesis that sleep affects 
school performance through executive functions. In addition, we investigated whether this 
mechanism differed between boys and girls.
The thesis closes with some concluding remarks and future directions in Chapter 9.
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ABSTRACT 
In secondary school, girls outperform boys in various aspects of language. This could be 
attributed to girls having better vocabulary than boys. Here, two studies investigated sex 
differences in vocabulary in adolescence and examined whether vocabulary predicted 
school performance. In Study 1, 123 adolescents (14–20 years) completed a vocabulary test 
with an open-ended answer format. In Study 2, 556 adolescents (12–18 years) completed a 
multiple-choice version of this test. In both studies, boys outperformed girls in knowledge 
of abstract nouns. Vocabulary predicted report marks for language only in girls. The 
results emphasize the importance of examining mechanisms underlying sex differences 
in vocabulary more closely. Vocabulary does not appear to be the mechanism underlying 
sex differences in language performance at school. 
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INTRODUCTION 
In secondary school, girls outperform boys in tests that measure reading and language skills 
and also achieve higher report marks for language subjects (Driessen & Van Langen, 2010; 
OECD, 2007; Van Langen, Driessen, & Dekkers, 2008). An important language component 
is vocabulary (Braze, Tabor, Shankweiler, & Mencl, 2007; Duncan et al., 2007). Vocabulary 
development peaks in early childhood and continues to grow during childhood into adolescence 
and adulthood (Bowles & Salthouse, 2008; Marinellie & Chan, 2006; Nippold, Hegel, & Sohlberg, 
1999). Vocabulary plays a role in literacy skills in adolescence (Braze et al., 2007; Hennings, 
2000). These skills have been shown to predict school achievement and choice of educational 
track (Savolainen, Ahonen, Aro, Tolvanen & Holopainen, 2008). This study investigates the 
hypothesis that sex differences in vocabulary during adolescence underlie the observed sex 
differences in reading and language skills at school. 
Girls already show an advantage in vocabulary development at an early age, as they start 
to gesture and talk earlier than boys (Özçalışkan, & Goldin-Meadow, 2010; Schachter, 
Shore, Hodapp, Chalfin & Bundy, 1978). In addition, their vocabulary size increases faster 
(Huttenlocher, Haight, Bryk, Seltzer & Lyons, 1991). Research of vocabulary development in 
adolescence has either not addressed the issue of differences between boys and girls, or has 
found inconsistent results (Marinellie & Chan, 2006; Marinellie & Johnson, 2003; Nippold 
et al., 1999; Hyde & Linn, 1988). A meta-analysis of vocabulary in childhood, adolescence 
and adulthood (Hyde & Linn, 1988) showed that: boys outperformed girls at age 6–10 years; 
girls outperformed boys at age 19–25 years; in all other age groups, no sex differences were 
observed. 
A possible reason for the inconsistent results on sex differences in vocabulary in the meta-
analysis by Hyde and Linn (1988) is that the vocabulary tests used in the studies made no 
distinction between different word types. Research on vocabulary development during 
adolescence has shown that the exact developmental trajectory of vocabulary differs between 
word types. Vocabulary of concrete nouns seems to be well developed around age 12 (Nippold 
et al., 1999), whereas knowledge of verbs, adjectives and abstract nouns increases during 
adolescence and in adulthood (Benelli, Belacchi, Gini, & Lucangeli, 2006; Bowles & Salthouse, 
2008; Marinellie & Chan, 2006; Marinellie & Johnson, 2003; Nippold et al., 1999). 
Moreover, a study in which imagery and concreteness were rated for different word types 
showed that women gave more extreme ratings than men (Friendly, Franklin, Hoffman, & 
Rubin, 1982). This indicates that men and women may understand words differently. However, 
this study did not investigate whether these sex differences appeared in all word types (Friendly 
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et al., 1982). Possibly, sex differences occur only for some word types and not for others. The 
direction of a sex effect may also differ between word types.  
Hence, because the studies included in the meta-analysis by Hyde and Linn (1988) did not 
balance their vocabulary test items with respect to word type, different proportions of word 
types may have been the cause of inconsistent results. 
In the current study we investigated sex differences in vocabulary for the following different 
word types: concrete nouns, abstract nouns, adjectives and verbs. In addition, the study 
examined whether sex differences in vocabulary underlie sex differences in report marks 
for the native language (in the present study: Dutch). Two studies were conducted: one with 
adolescents aged 14–20 years (grade 8 to 12 and second year of university) and the other with 
adolescents aged 12–18 years (grade 7 to 12). A newly constructed vocabulary test was used, 
based on the Vocabulary subtests of the Wechsler Intelligence Scale for Children III (WISC-III) 
and the Wechsler Adult Intelligence Scale III (WAIS-III) (Wechsler, 2000, 2002). 
We did not expect effects of grade or sex for the set of concrete nouns, because vocabulary for 
concrete nouns seems to be well developed around age 12. Therefore, we expected maximal 
performance for the set of concrete nouns. For the sets of abstract nouns, adjectives and verbs, 
we expected that girls would score higher than boys, because of girls’ advantage in language 
development. We also expected to find that older adolescents would achieve higher scores 
than younger adolescents on these three word types. Furthermore, we hypothesized that 
vocabulary score would predict report marks for Dutch, with girls achieving higher report 
marks than boys.
STUDY 1
In Study 1 we investigated sex differences in vocabulary in adolescence and examined whether 
these differences predict sex differences in report marks for Dutch. Adolescents aged 14–20 
years completed a vocabulary test derived from the WISC-III and the WAIS-III (Wechsler, 
2000, 2002). We also collected their report marks. We expected to find effects of grade and sex 
on the vocabulary of verbs, adjectives and abstract nouns, with an advantage for adolescents 
in higher grades and for girls. We also hypothesized that vocabulary would predict report 
marks for Dutch.
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Method
Participants
123 students (65 boys and 58 girls) from grades 8, 10, 12 and from the second year of university 
participated in Study 1 (see Table 2.1). The secondary school students came from six secondary 
schools in the south of The Netherlands. They were following the preuniversity educational 
track. This is the most advanced track in Dutch secondary education. Approximately 20% of 
all students in Dutch secondary education are in this track (Ministry of Education, Culture 
and Science, 2009). The university students were studying at two universities in the south of 
The Netherlands. To participate, they had to have completed preuniversity education. Students 
that had repeated or skipped a grade were excluded to make sure that grades would not be 
confounded by age. Furthermore, students were excluded in the following cases: a) if they had 
a nationality other than Dutch; b) if they had learning disorders, psychiatric disorders and/or 
developmental disorders; c) if they used medication that influences cognitive functions; and/or 
d) if they had a history of brain damage with a loss of consciousness of more than 30 minutes. 
These criteria were measured with a questionnaire that was completed by the parents. Level 
of parental education (LPE) was defined as the formal schooling level of the parent with the 
highest educational level. LPE in the sample was medium (junior vocational training) in 31% 
and high (senior vocational or academic training) in 69%.
The participants, and in the case of under-aged participants also the parents, had to give 
permission for participation. Participants received a monetary reward for participation. The 
Ethical Committee of the Faculty of Psychology of Maastricht University approved the research 
protocol.
Table 2.1 Participants of Study 1
N Age Sex
M (SD) Boys Girls
Grade 8 28 13.60 (0.34) 12 16
Grade 10 31 15.51 (0.29) 16 15
Grade 12 28 17.57 (0.29) 14 14
2nd year of university 36 19.89 (0.40) 23 13
Total 123 16.82 (2.41) 65 58
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Vocabulary test: open-ended version
The open-ended vocabulary test used in this study measures vocabulary of four different 
word types. It was composed especially for this study as no vocabulary tests were available 
that contained a sufficient number of items representing each of these four word types. Items 
were selected from the Vocabulary subtests of the Dutch version of the WISC-III and the 
WAIS-III (Wechsler, 2000, 2002). These tests were chosen for their proven reliability and 
validity, because they are frequently used in research and clinical practice, and because of the 
availability of well-defined instructions for scoring (Wechsler, 2000, 2002). 35 words were 
selected: 5 concrete nouns (e.g., paraplu [umbrella]; 10 abstract nouns (e.g., standpunt [point 
of view]); 10 adjectives (e.g., transparant [transparent]); and 10 verbs (e.g., reageren [to react]). 
The order of items was mixed and items were not organised by word type. Testing and scoring 
was done according to the manual of the original WISC-III and WAIS-III tests (Wechsler, 
2000, 2002). Participants read the word, and the investigator pronounced it. Participants had 
to give a verbatim explanation of the meaning of the word. They were encouraged to guess 
when they did not know the answer. There was no time limit. All items were administered 
to all participants. Answers were recorded with a voice-recorder and were written down and 
scored by two psychologists, who were not aware of the hypotheses of the study. When inter-
scorer differences occurred, the scorers discussed until a consensus was achieved. Answers 
were scored according to the Wechsler Test Manual with 0 points (incorrect), 1 point (partially 
correct), or 2 points (completely correct). A sum score was computed for all items together. 
The mean score per word was calculated separately for each word type.
Report marks
Only the report marks of secondary school students could be collected, not those of 
university students. End of term report marks for Dutch (ranging from 1.0 – very bad – to 
10.0 – outstanding), obtained during the school year in which the study was carried out, were 
acquired from the schools’ administration. Because the schools in the sample used different 
grading policies, each school’s grades were transformed into z-scores based on the school’s 
mean grade and its standard deviation. In this way, the distribution of scores was similar for 
each school. 
Procedure
Secondary school students were informed about the study by letters that were distributed at 
schools by the researchers. Approximately 1000 students received a letter, of whom 10% wanted 
to participate and met criteria for participation. To recruit university students, presentations 
were held during lectures, and notices were placed on university notice boards and in university 
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newspapers. A trained psychologist administered the vocabulary test in a quiet room at the 
school or university. It took approximately 30 minutes to administer. Secondary school students 
participated during school time and therefore missed certain lessons. 
Analyses
Analyses were performed with SPSS 16.0 for Mac. For all analyses, alpha was set at 0.05. LPE 
was added to all analyses as a covariate, because this factor has been shown to be related to 
language functions (Hackman & Farah, 2009). Chi-square tests were performed to investigate 
the distribution of LPE over grade and sex. Boys and girls differed significantly in LPE (χ2 = 
3.95, p = 0.047). Data of all four word types met assumptions of parametrical tests. Two-way 
independent ANCOVA analyses were executed on the vocabulary sum score and the score 
per word type, with independent variables grade, sex and grade × sex and LPE as covariate. 
The interaction effect was added to examine whether sex effects were dependent on grade. To 
interpret main effects of grade, trend analyses were performed using polynomial contrasts. 
On report marks, multiple regression analyses were performed with the predictors age, sex, 
LPE and vocabulary sum score. To explore a possible interaction effect in this small sample, 
the multiple regression analysis was also run separately for boys and girls.
Results
Results on the vocabulary test are depicted in Table 2.2. The analyses showed two important 
results. First of all, a sex effect was seen on the sum score of the vocabulary test (F(1, 114) = 
10.64, p < 0.01), more specifically on abstract nouns, adjectives and verbs (resp. F(1, 114) = 
10.89, p < 0.01, partial η2 = 0.09; F(1, 114) = 6.82, p = 0.01, partial η2 = 0.06; and F(1, 114) = 
4.51, p = 0.04, partial η2 = 0.04). However, this effect was not in the expected direction: boys 
achieved higher scores than girls. No sex differences were observed on concrete nouns (F(1, 
114) = 0.57, p = 0.45, partial η2 < 0.01). 
Secondly, there was an effect of grade: older adolescents outperformed younger adolescents in 
defining abstract nouns, adjectives and verbs (resp. F(3, 114) = 38.13, p < 0.01, partial η2 = 0.50; 
F(3, 114) = 18.92, p < 0.01, partial η2 = 0.33; and F(3, 114) = 35.78, p < 0.01, partial η2 = 0.49). 
This effect was not significant for concrete nouns (F(3, 114) = 0.46, p = 0.71, partial η2 = 0.01). 
Trend analysis by polynomial contrasts showed a significant linear effect on abstract nouns, 
adjectives and verbs (abstract nouns: contrast estimate = 0.43, p < 0.01; adjectives: contrast 
estimate = 0.36 p < 0.01; verbs: contrast estimate = 0.33, p < 0.01). There was no significant 
interaction effect between grade and sex on any of the word types (F(3, 114) < 2.48, p > 0.06, 
partial η2 < 0.06). 
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Report marks were collected from n = 81 secondary school students in the sample. As expected, 
girls achieved higher report marks for Dutch than boys (standardized report mark girls: M 
= 0.36, SD = 0.89; standardized report mark boys: M = -0.38, SD = 0.89; R2 model = 0.50; ß 
= 0.49, p < 0.01) and report marks were predicted by vocabulary sum score (ß = 0.45, p < 
0.01). Post-hoc analyses showed that vocabulary sum score predicted report marks of Dutch 
in girls (R2 model = 0.48; ß = 0.66, p < 0.01), but not in boys (R2 model = 0.36; ß = 0.29, 
p = ns).
Discussion
The sex differences found on the vocabulary test in Study 1 contradicted our hypotheses: 
boys achieved higher scores than girls on abstract nouns, adjectives and verbs, although effect 
sizes were small. In the case of concrete nouns, no sex differences were seen. With respect to 
age, results supported our hypothesis: older adolescents achieved higher scores than younger 
adolescents on abstract nouns, adjectives and verbs. When it came to concrete nouns, no age 
effect was found. Furthermore, girls achieved higher report marks for Dutch than boys, and 
vocabulary scores did partially predict report marks. However, this effect was only visible in 
girls. 
The higher performance on the vocabulary test in boys may indicate either that they have 
better vocabulary or better definitional ability, or both (Benelli et al., 2006). The vocabulary 
test used in Study 1 cannot distinguish between these alternative explanations as participants 
can only demonstrate their knowledge of a word by defining it. Therefore, we set up a second 
study aimed at replicating the findings in Study 1 using a multiple-choice version of the 
vocabulary test.
Study 2 also took into account three methodological issues that were evident in Study 1. Firstly, 
the participants in Study 1 were all students in the preuniversity educational track. To investigate 
sex differences in a broader sample, students from another educational track were included. 
Secondly, the sample size in Study 1 was too small to investigate a possible interaction effect 
between sex and vocabulary in the prediction of report marks. Therefore, Study 2 investigated a 
larger sample. Thirdly, the low response rate was a concern, as selection bias may have influenced 
the results. In Study 2 a higher response rate was established. In addition, we examined the 
presence of selection bias by comparing report marks for Dutch of participating students with 
those of their non-participating classmates.  
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STUDY 2
In Study 2 we aimed to replicate and further examine the mechanisms underlying the findings 
of Study 1 in a larger sample. To measure lexical knowledge independent of definitional skills, 
the vocabulary test in Study 2 used a multiple-choice answer format instead of an open-ended 
answer format. In Study 2, the sample was drawn from a broader population and consisted of 
students aged 12 to 18 years from two educational tracks: the preuniversity track and the higher 
general secondary educational track. If Study 2 were to replicate the results of Study 1, we would 
expect boys to score higher on abstract nouns, adjectives and verbs than girls. No differences 
between boys and girls would be expected on concrete nouns. We would also expect to see 
grade effects in abstract nouns, adjectives and verbs. Again, we expected girls to have higher 
report marks on Dutch than boys, and we expected vocabulary scores to predict report marks. 
Method
Participants
In Study 2, a total of 556 students participated from four secondary schools in the south of 
The Netherlands (see Table 2.3 for details). They had not participated in Study 1. All students 
followed one of the two advanced educational tracks in Dutch secondary education: higher 
general secondary education or (highest-level) preuniversity education. These tracks are 
followed by approximately 40% of all students in Dutch secondary education (Ministry of 
Education, Culture and Science, 2009). The students had the Dutch nationality. LPE was low-
medium (at most junior vocational training) in 33.6% and high (senior vocational or academic 
training) in 66.4%. LPE was missing in two cases, in which the modus was imputed (high).
Table 2.3 Participants of Study 2
N Age Sex
M (SD) Boys Girls
Grade 7 149 12.81 (0.42) 83 66
Grade 8 135 13.88 (0.37) 57 78
Grade 9 99 14.82 (0.31) 41 58
Grade 10 53 15.87 (0.39) 15 38
Grade 11 74 16.92 (0.54) 20 54
Grade 12 46 17.78 (0.37) 25 21
Total 556 14.69 (1.70) 241 315
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Two hundred and seven other students participated in the study, but were excluded from 
the analyses because they had not completed the test due to technical problems (n = 68) or 
conferred with their classmates during the assessment (n = 42). To keep the number of years of 
education constant within students in the same grade, children who had skipped or repeated 
a grade after kindergarten were excluded (n = 83). Furthermore, students whose nationality 
was not Dutch (n = 14) were excluded, to control for problems associated with an insufficient 
understanding of the Dutch language. 
Participation was voluntary. Participants and their parents gave permission for participation. 
The Ethical Committee of the VU University Amsterdam approved the research protocol.
Vocabulary test: multiple-choice version
The multiple-choice vocabulary test used in this study consisted of the same 35 words in the 
same order as in the open-ended vocabulary test used in Study 1. We constructed three response 
options for each item, based on the possible answers that were indicated in the manuals of 
the original tests. The response options were: (1) a correct answer that would be awarded the 
maximum score according to the manual; (2) an answer that was too general and would not 
get any points according to the manual; and (3) a specific answer that described another word 
that was, if possible, phonetically related to the target word. This answer option would also not 
get any points according to the manual. (e.g., Wat betekent baard? [What does beard mean?] 
a. Haar dat groeit op de kin van een man. [a. Hair that grows on the chin of a man] b. Iets dat 
groeit [b. Something that grows] c. Stukje stevig papier om op te schrijven [c. Piece of thick paper 
to write on].) Raw scores were the number of correct answers per word type. The sum score 
was calculated for all items together. The mean score per word was calculated separately for 
each word type. These scores were the dependent variables.
Report marks
Report marks were collected for both participating students and all their non-participating 
classmates. Report marks were collected and standardized according to methods described 
in Study 1. 
Procedure
The study had a cross-sectional design. Students were informed about the study by letters 
that were distributed by the researchers at the schools. Approximately 2000 students received 
a letter, of whom 38% were willing to participate. Parents of participating students returned 
a completed questionnaire on the development of their child and on demographics such as 
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level of education of both parents. Participating students filled in the vocabulary test in the 
classroom, while non-participating students silently worked on an assignment given by the 
teacher. Two trained psychologists administered the test. The test took approximately 10 minutes 
to complete. If participants conferred with their classmates during the test, this was noted on 
the score forms. All forms were checked following completion, and in case of missing values, 
participants were asked to complete the missing items.
Analyses
Analyses correspond to those in Study 1. LPE was equally distributed over grade and sex 
as indicated by loglinear analysis (χ2 (5) = 8.38, p = 0.14). Almost all participants achieved 
the maximum score on concrete nouns and group differences on this score were therefore 
not analysed statistically. Data on abstract nouns, adjectives and verbs met assumptions of 
parametric tests. Two-way independent ANCOVA analyses were executed on the score per word 
type (abstract nouns, adjectives and verbs) with LPE as covariate and independent variables 
grade, sex and grade × sex. Again, polynomial contrasts were executed to explore the effect 
of grade. To investigate whether the results were due to inclusion of adolescents from two 
educational tracks, the effect of educational track was investigated with three-way ANCOVA 
analyses, with independent variables grade, sex, grade × sex, and educational track. Report 
mark analyses were performed similar to Study 1, with educational track and sex × vocabulary 
added to the predictors. To explore whether the report marks of our sample differed from 
those of non-participating classmates, a GLM was conducted on standardized report marks 
for Dutch, with independent variables school, educational track and grade. 
Results
Results on the vocabulary test are depicted in Table 2.4. Boys achieved higher scores than girls 
on abstract nouns (F(1, 543) = 16.56, p < .01, partial η2 = .02). On the other two word types, 
adjectives and verbs, no effect of sex could be seen (resp. F(1, 543) = 0.45, p = .51, partial η2 < 
.01 and F(1, 543) = 0.10, p = .75, partial η2 < .01).
Furthermore, on all three word types, adolescents from higher grades achieved higher scores 
than adolescents from lower grades (abstract nouns, F(5, 543) = 44.70, p < .01, partial η2 = 
.30; adjectives, F(5, 543) = 21.40, p < .01, partial η2 = .17; and verbs, F(5, 543) = 12.85, p < .01, 
partial η2 = .11). Polynomial contrasts showed a significant linear trend for grade on abstract 
nouns, adjectives and verbs (abstract nouns: contrast estimate = 0.20, p < .01; adjectives: contrast 
estimate = 0.14, p < .01; verbs: contrast estimate = 0.07, p < .01). No significant grade × sex 
interaction effects were seen on any of the word types (abstract nouns, F(5, 543) = 0.48, p = 
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.79, partial η2 < .01; adjectives, F(5, 543) = 0.63, p = .68, partial η2 < .01; and verbs, F(5, 592) 
=1.44, p = .20, partial η2 = .01).
To investigate the effect of educational track (higher general secondary education vs. 
preuniversity education) we analysed scores from participants who were in a class with students 
of the same educational track. Data of participants in combined classes with students from more 
than one educational track were removed from these analyses. In total, data of 540 participants 
were analysed. These analyses showed that students of preuniversity education performed better 
than students of higher general secondary education on abstract nouns and adjectives (resp. 
F(1, 526) = 13.16, p < 0.01, partial η2 = 0.02 and F(1, 526) = 31.85, p < 0.01, partial η2 = 0.06), 
but not on verbs (F(1, 526 ) = 1.51, p = 0.18, partial η2 = 0.01). All effects that were significant in 
analyses without educational track remained significant in the analyses with educational track. 
Report marks were known from n = 513 participants. Report marks for Dutch were higher 
for girls than boys (standardized report mark girls: M = 0.24, SD = 0.93, standardized report 
mark boys, M = -0.28, SD = 1.00; R2 model = 0.16; ß = 0.27, p < 0.01). Vocabulary sum score 
significantly interacted with sex in the prediction of performance on Dutch, (ß = 0.13, p = 0.03). 
Post-hoc analyses stratified according to sex showed that vocabulary sum scores predicted Dutch 
report marks in girls (R2 model = 0.13; ß = 0.21, p < 0.01), but not in boys (R2 model = 0.09; ß 
= 0.07, p = ns). The students in the sample did not significantly differ from their classmates, 
based on their final term report marks for Dutch (standardized report mark students in sample: 
M = -0.03, SD = 1.00; standardized report mark classmates not in sample: M = 0.05, SD = 1.00; 
F(1, 1665) = 1.57, p = 0.21, partial η2 < 0.01).
Discussion 
The results of Study 2 replicated the major findings of Study 1. In Study 1, boys scored higher 
than girls on abstract nouns, adjectives and verbs. In Study 2, boys scored higher than girls on 
abstract nouns. This indicates that the sex effect may be at least in part due to better lexical 
knowledge of abstract nouns in boys compared to girls. Furthermore, similar effects of grade 
were seen in Study 2 compared with Study 1: older adolescents had higher scores abstract nouns, 
adjectives and verbs than younger adolescents. Again, no grade effect was seen on concrete 
nouns: all adolescents achieved the maximum score. No significant interaction between sex 
and grade was found, suggesting that sex differences existed in all grades. Once more, report 
marks were higher in girls than boys, and vocabulary scores predicted report marks in girls only.
The main difference between the two studies was the answer format of the vocabulary test, 
which was open-ended in Study 1 and multiple-choice in Study 2. Sample characteristics 
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that possibly influenced the results of Study 1 were taken into account in Study 2. Students 
that participated in Study 2 did not differ from their peers on their report marks for Dutch, 
which indicates that if some kind of self-selection would have taken place, it was not related to 
Dutch proficiency. The sex differences on the vocabulary test were not only seen in students of 
preuniversity education but also in students of higher general secondary education. 
GENERAL DISCUSSION
Vocabulary forms an important basis for reading and language skills. Therefore, the current 
series of studies investigated vocabulary during adolescence in boys and girls for four different 
word types. Additionally, we examined whether sex differences in vocabulary could explain 
sex differences in school performance in Dutch. Contrary to our original hypothesis, boys 
outperformed girls on abstract nouns, adjectives and verbs in Study 1, even though effect 
sizes were small. This finding was partially replicated in Study 2, where boys outperformed 
girls on abstract nouns. The task in Study 1 measured both lexical knowledge and definitional 
ability, while the task in Study 2 measured lexical knowledge only. The results thus indicate that 
boys’ better performance on abstract nouns may be based on better lexical knowledge. Better 
definitional skills may have played a role in boys’ better performance on adjectives and verbs in 
Study 1. In addition, the studies showed that during the entire period of adolescence, from age 
12 to age 20, vocabulary increased with regard to abstract nouns, adjectives and verbs. No age 
effects were seen on concrete nouns, which is similar to results in previous research (Nippold 
et al., 1999). Around age 12, vocabulary of concrete nouns is well developed. 
Our hypothesis of an advantage for girls on vocabulary was based on findings showing that girls 
perform better than boys on language tasks and language subjects at school (Driessen & Van 
Langen, 2010; OECD, 2007; Van Langen et al., 2008). Results from the current studies showed 
that girls have higher report marks for Dutch than boys. However, vocabulary scores predicted 
report marks for Dutch only in girls. Thus, although boys had higher scores in vocabulary, this 
did not affect their report marks for Dutch. These findings suggest that vocabulary may not 
underlie sex differences in reading and language skills in school. Comparable findings were 
reported by Spinath, Freudenthaler, and Neubauer (2010) who found that verbal intelligence 
scores predicted report marks for German in girls, but not in boys. Together with our findings, 
this indicates that report marks probably measure different skills in boys than in girls. Further 
research is needed to investigate whether similar sex differences in the relation between 
vocabulary and school performance are also seen when school performance is measured with 
standardized achievement tests.
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Which mechanisms could underlie the better vocabulary performance in boys? One possible 
explanation is that sex differences were due to the high level of education within the samples 
that were used in the studies. These adolescents are the best performing group in the adolescent 
population. It is possible that men in these top ranges have better performance than women 
on vocabulary tests. This explanation is known as the male variability hypothesis (Hyde, 2005). 
The male variability hypothesis states that there is more variance in intelligence in men than in 
women. Therefore, more men than women are within the extremely good and extremely bad 
performers on intelligence tests. The underlying cause of the variance difference between men 
and women is hypothesized to be the single X chromosome in men (Johnson, Carothers, & 
Deary, 2009). The male variability hypothesis has existed for more than a century and scientific 
investigation showed only a small effect: for vocabulary a variance ratio of at most 1.08 in the 
direction of greater male variability (Hyde, 2005). However, Arden and Plomin (2006) emphasize 
that this small effect might have large consequences in a sample that is composed of the worst 
or best performing individuals of the population. Moreover, they showed that this effect was 
already visible before adolescence. The results of the studies in this article may therefore reflect 
effects described by the male variability hypothesis. Yet, Driessen and Van Langen (2010) 
investigated a large representative sample of ninth grade students of all education levels, and 
also found that boys outperformed girls on a vocabulary test. This indicates that the sex effect 
in the present study was probably not due to the male variability effect. 
A second explanation for the sex differences in vocabulary comes from a neuropsychological 
perspective and relates to spatial thinking skills. It is widely acknowledged that boys have an 
advantage over girls in spatial thinking (Geiser, Lehmann, & Eid, 2008; Kolb & Whishaw, 
2008). Interestingly, there are some indications that vocabulary and visuo-spatial skills are 
related. A study on reading and mathematics showed that reading comprehension was related 
to performance on mathematical tasks (Grimm, 2008). Neuroscientific research showed 
that in mathematics, both brain networks specialized in verbal information processing and 
networks specialized in spatial information processing play a role (Dehaene, Spelke, Pinel, 
Stanescu, & Tsivkin, 1999). Another study showed that mental representations of abstract 
concepts, such as categories, are related to spatial processes (Brugger, Loetscher, Graves, & 
Knoch, 2007). Furthermore, vocabulary related to space and time seems to share common 
structures with non-linguistic spatial representations (Boroditsky & Ramscar, 2002; Casasanto 
& Boroditsky, 2008; Landau & Hoffman, 2005; Munnich, Landau & Dosher, 2001). Thus, it 
can be hypothesized that the development of concepts, and thus the acquisition and use of 
words to describe concepts (vocabulary) is in some way related to spatial thinking. Given the 
advantage of boys in spatial thinking, this may explain their better performance on abstract 
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words. Administering the vocabulary test in combination with spatial tasks may elucidate the 
relation between spatial skills and vocabulary. 
The vocabulary test used in the current two studies was composed of items from subtests of the 
WISC-III and the WAIS-III. These tests are often used in both research and clinical practice 
and have adequate psychometric properties. Future studies may aim to improve the vocabulary 
test by controlling for other important aspects, such as word frequency, which may also impact 
on vocabulary performance (Marinellie & Chan, 2006). 
In conclusion, the current study showed that boys outperformed girls in vocabulary, and that 
vocabulary predicted report marks only for girls. These results were found in a large sample, 
were replicated in a second study, and lead to new testable hypotheses for future research. 
Moreover, the current study showed that vocabulary tests should distinguish between word 
types and answer formats. In the two studies, presence and magnitude of sex differences were 
dependent on word types used. Different answer formats measure different aspects of vocabulary 
(e.g., lexical knowledge or definitional ability). 
Research on language functions in adolescence is a promising field that has not drawn much 
attention yet, but could lead to knowledge relevant for improving the education of students 
in secondary schools, higher vocational training and university. The studies in this article 
show that sex differences in verbal skills are not always to girls’ advantage. This is important 
knowledge, not only for researchers but also for teachers, because sex differences in vocabulary 
use are seen in the classroom. Research on the use of language during physics class showed 
that boys used more abstract concepts than girls, and that girls asked for concrete examples 
(Stadler, Duit, & Benke, 2000). When teachers are aware of differences in vocabulary between 
boys and girls, they can use this knowledge to stimulate vocabulary growth in those students 
who need it the most.
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Sex differences in vocabulary of 
abstract nouns in adolescents 
depend on the presence 
of context
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ABSTRACT 
The current study investigated whether sex differences in a multiple-choice vocabulary 
test consisting of abstract nouns disappear when words are presented in the context of a 
sentence. A within-subjects experiment was conducted in 87 adolescents aged 13–15 years. 
They completed a 20-item multiple-choice vocabulary test with abstract nouns selected 
on word frequency, age of acquisition and imageability. Half of the items were presented 
with and half without context. Order of presentation was balanced over participants. 
The experiment showed that, in the no-context condition, boys outperformed girls. In 
addition, the availability of context specifically improved girls’ performance, whereas no 
differences were found for boys. Thus, context may moderate sex differences on vocabulary 
test performance. Results support previous statements on the need for lexical theories to 
take sex differences into account. 
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INTRODUCTION 
Who perform better at vocabulary tests, boys or girls? The answer to this question may depend 
on characteristics of the vocabulary test used. Recent studies have found several factors that 
may contribute to the emergence of sex differences on language tests. For example, word 
characteristics (Bauer & Altarriba, 2008), and task format (Boschloo et al., 2012, Chapter 2 of 
this thesis). Yet, these factors are not always systematically controlled for in tests or experiments 
that aim to investigate sex differences in vocabulary. This may explain why some studies have 
found sex differences in vocabulary, while others have not (Hyde & Linn, 1988). Moreover, 
controlling or manipulating such factors may give insight in sex differences in lexical storage 
and retrieval, and may improve lexical models. 
Here, we investigated one such factor that may lead to sex differences in performance on 
vocabulary tests: whether the target words are presented in the context of a sentence. Presenting 
words in context may be beneficial to girls, because they are better in reading comprehension 
than boys (Driessen & Van Langen, 2010; Hedges & Nowell, 1995; Hyde & Linn, 1988; Lehto, 
Scheinin, Kupiainen, & Hautamaki, 2001; Savolainen, Ahonen, Aro, Tolvanen, & Holopainen, 
2008). Thus, the aim of the current study was to investigate whether context moderates sex 
differences in performance on a vocabulary test consisting of abstract nouns.
Vocabulary tests measure knowledge of the meaning of individual words. In 1988, Hyde and 
Lynn presented a meta-analysis investigating sex differences in vocabulary. They showed that 
for vocabulary, boys outperformed girls between age 6–10, girls outperformed boys between 
age 19–25. Between 11 and 18, boys and girls performed equally (Hyde & Linn, 1988). However, 
more recent studies in adolescents found sex differences in vocabulary in advantage of boys. 
Driessen and Van Langen (2010) describe the results of a nationally representative cohort of 
approximately 7400 adolescents in grade 9. They report for vocabulary an effect size of 0.05, in 
advantage of boys. Kramer and colleagues administered a vocabulary test to 811 children and 
adolescents aged 5–16 years and found that boys outperformed girls (Kramer, Delis, Kaplan, 
O’Donnell, & Prifitera, 1997). Furthermore, Boschloo and colleagues (2012) found that boys 
scored better than girls on vocabulary of abstract nouns, in two studies with a total of 679 
participants aged 12–20 years. 
Performance on vocabulary tests may improve when words are presented in the context of a 
sentence. Context influences how easily the correct meaning of a word can be accessed and 
retrieved (Graesser, Millis, & Zwaan, 1997). Connectionist models of lexical networks explain 
this context effect. In lexical networks, words are connected with their semantic, phonological 
and orthographic characteristics, and with related words. A target word is accessed and retrieved 
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when it is activated above a certain threshold. The use of context activates words that are related 
to the target word. This activation spreads to the target word (spreading activation), which 
results in a stronger activation of the target word than when it would be presented without 
context. In this way, context makes it easier to access and retrieve the word than when it was 
presented without context (see Graesser et al., (1997) for a short overview of connectionist 
models).
The use of context in vocabulary tests may not only improve performance, it may also lead to 
sex differences in performance. On language tasks in which context plays an important role, 
such as reading comprehension, girls often outperform boys. International studies in reading 
comprehension showed that girls outperform boys in reading comprehension, although the 
difference is small (Driessen & Van Langen, 2010; Hedges & Nowell, 1995; Hyde & Linn, 
1988; Lehto et al., 2001; Savolainen et al., 2008). Because girls have an advantage over boys in 
reading comprehension, addition of context to a vocabulary test may lead to sex differences 
in performance, which we expect to be in the advantage of girls. 
Thus, the aim of the current study was to investigate whether context influences sex differences 
on a vocabulary test. To investigate this hypothesis, we conducted a within-subjects experiment 
with 87 eighth grade students of preuniversity education. They completed a multiple-choice 
vocabulary test that consisted of 10 abstract nouns presented with context and 10 abstract 
nouns presented without context. Order of presentation with context and without context was 
balanced over participants. For each word, the correct meaning had to be chosen from three 
answer alternatives. We expected that boys would outperform girls on words without context, 
and that girls would benefit more than boys from words being presented with context.
METHODS
Participants
In a single secondary school, students of all four 8th grade classes of the preuniversity level were 
approached to participate in the study. The preuniversity level is the most advanced education 
level in Dutch secondary education: approximately 20% of all students in Dutch secondary 
education are in this level (Ministry of Education, Culture and Science, 2009). All students in 
the four classes participated in the study, except for five students, who did not want or were 
not able to participate. Data of seven other students were not analyzed for different reasons: 
one questionnaire was incomplete, one girl recently immigrated to The Netherlands and did 
not speak Dutch fluently, and 5 students reported having a diagnosis of dyslexia. 
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In total, 87 students participated in the study, 45 boys and 42 girls, with mean age 13.95 years 
(SD = 0.35). All spoke Dutch at home. Participants gave active informed consent, and parents 
gave passive informed consent.
Vocabulary test
The vocabulary test consisted of twenty abstract nouns and was newly constructed for this 
experiment. Six abstract nouns were taken from the study by Boschloo et al. (Chapter 2), as they 
best distinguished boys from girls. These were a starting point for the item set of the current 
study: they were included in the test and were used to define selection criteria for the other 
words in the test. The words in Boschloo et al. (Chapter 2) originated from the vocabulary 
subtests of the Wechsler Intelligence Scale for Children III (WISC-III) and the Wechsler Adult 
Intelligence Scale III (WAIS-III) (Wechsler, 2000, 2002). Word frequency of four of these words 
was below 85. The other two words were characterized with low imageability (below 3.30) (Van 
Loon-Vervoorn, 1985). Thus, the selection criteria for the new item set were as follows: all 
new words in the new test had a word frequency below 85 in Keuleers and Brysbaert (2010). 
Words that were selected based on imageability had an imageability below 3.30 in Van Loon-
Vervoorn (1985).
We also selected words of a corpus of which age of acquisition was known (Ghyselinck, De 
Moor, & Brysbaert, 2000). These words had an age of acquisition between 13–15 years. In total, 
ten new abstract nouns were selected based on imageability (imageability: M = 2.02; word 
frequency: M = 40.7) and four new abstract nouns were selected based on age of acquisition 
(age of acquisition: M = 13.93; word frequency: M = 5.5).
Age of acquisition and imageability were chosen, because previous studies have shown that 
these variables are related to sex differences: sex differences appear in age of acquisition, with 
girls having larger vocabularies at younger age (Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 
1991). Sex differences are also seen on imageability of concrete and abstract words, although the 
direction of the effect differs per word (Friendly, Franklin, Hoffman, & Rubin, 1982). Likewise, 
sex differences are found on imageability of memory for verbs, where sex effects depend on 
regularity of the verbs (Prado & Ullmann, 2009). 
For each word, three multiple-choice answer options were made: one correct answer and two 
false alternatives (see Table 3.1 for an example word and answer alternatives). One of the two 
false alternatives was a too global description of the target word or a description of a word that 
was semantically related to the target word. The other option was the description of a different 
word. For words from Boschloo et al. (2012), answers options with this format already existed. 
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Furthermore, two versions of the vocabulary test were made. In both versions, the same words 
were administered in the same order. Words were randomized, and stratified so that for each 
word source, equal number of words appeared in the first and the last half of the test. In Version 
A, the first half consisted of items without context, and the second half contained words with 
context. This was the opposite in version B. The context was a sentence with the target word. 
The context was general, meaning that it gave enough information to put the target word in a 
general category. The context was designed to give some information about the word, but did 
not give away the meaning of the word, nor was it misleading (Beck et al., 1983, in Gardner, 
2007). Because difficulty of word recognition is affected by the place of the target word in 
context (Gardner, 2007), in half of the context items, context was placed after the word, and in 
the other half, context came first (Table 3.1 shows a word with context placed before the target 
word). Scores were calculated by adding up correct answers. Thus, in total 20 points could be 
scored, 10 in the no-context condition and 10 in the context condition. 
Design and procedure
The study had a mixed between-within-subject design: all words were presented to all 
participants. Item administration (version A or version B) was balanced over participants. 
While distributing the questionnaires, it was made sure that boys and girls equally often 
received version A or B. The vocabulary test and a short questionnaire on background variables 
such as age, sex, ethnicity and language used at home were administered in the classroom. 
Completing the test and the questionnaire took approximately 15 minutes. Participants were 
informed that this study aimed to measure vocabulary in adolescents, but they were unaware 
of the specific hypotheses. 
Table 3.1 Example of item without and with context
Item without context Item with context Answer options
Wat betekent standpunt?  
 
Op papier formuleerde ze helder en duidelijk 
haar standpunt. 
a. Focus  
b. Opvatting 
c. Besluit  
English translation
What does point of view mean? She clearly put on paper her point of view. a. Focus  
b. Opinion 
c. Decision 
Note. Answer option b is the correct answer. Option a is the description of a different word, and option c is the 
description of a semantically related word.
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Analyses
The effect of context was investigated with a mixed between-within (sex * context) ANOVA 
based on scores of words with and without context. To examine whether effects were not due to 
the six words that were derived from Boschloo et al. (Chapter 2), analyses were repeated with 
scores recalculated without these words. All analyses were performed with PASW 18.0 for Mac.
RESULTS
The number of boys and girls that performed version A and B of the vocabulary test did not 
differ significantly (version A: 23 boys and 20 girls; version B: 22 boys and 22 girls; X2 (1) = 
0.11, p = 0.745). In two cases, the score on a single item of the vocabulary test was missing. 
This score was replaced with the mean of the other scores in the same condition (no-context or 
context). Difficulty of the vocabulary test as a whole was adequate: on 20 items, scores ranged 
from 8 to 19 correct (M = 13.13; SD = 2.42). 
Figure 3.1 shows scores of boys and girls in the no-context and context condition. Analyses 
showed a significant effect of context, with scores on words presented in context being higher 
Figure 3.1 Scores of boys and girls in the no-context and context condition of the vocabulary 
test. Error bars = ± 2 standard errors of the mean.
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than scores on words in the no-context condition, F(1, 85) = 8.10, p = 0.006, partial eta squared 
= 0.09. There was no main effect of sex, F(1, 85) = 2.61, p = 0.110, partial eta squared = 0.03. 
However, there was a significant interaction effect between sex and context, F(1, 85) = 7.41, p < 
0.008, partial eta squared = 0.08. This indicates that boys outperformed girls in the no-context 
condition, but this effect disappeared when context was added. With context, boys and girls 
performed equally. It thus appeared that girls benefited more from context than boys. Boys 
do not seem to use the context. The effects remained the same when scores were calculated 
without the words that originated from Boschloo et al. (2012).
DISCUSSION
The current experiment investigated whether adolescent boys score higher than girls on abstract 
nouns in a vocabulary test, and whether this effect is moderated by presentation of the words 
in the context of a sentence. We found support for both these hypotheses. Girls’ performance 
was affected by context, as their scores were lower in a no-context condition compared with 
a context condition. In boys, presence or absence of context did not affect their scores: they 
performed equally in both conditions. In the no-context condition, boys outperformed girls, 
while in the context condition, boys and girls performed equally. This indicates that sex effects 
on a vocabulary test are moderated by the presence of context.
Girls benefited more from context than boys, but they did not perform better than boys on 
words that were presented in the context of a sentence. There are also no clear indications of 
a ceiling effect on the task that could have masked such an effect. However, it could be that 
performance shown in the context condition reflects the highest average performance possible 
in this population. Nevertheless, from this study we cannot conclude that girls’ improvement 
on words with context is the same phenomenon as the effect that girls are better in reading 
comprehension than boys (Driessen & Van Langen, 2010; Hedges & Nowell, 1995; Hyde & 
Linn, 1988; Lehto et al., 2001; Savolainen et al., 2008). 
What has caused the sex difference in performance in abstract nouns, and why did the effect 
disappear when words were presented in context? We suggest that word difficulty may play a 
crucial role in the sex differences found in performance. The present study used words that 
were relatively difficult for the participants: the words were abstract nouns with low frequency 
and low imageability and a relatively high age-of-acquisition. Other studies using vocabulary 
tests that were not controlled for word type or frequency have not consistently found sex 
differences in vocabulary (Boschloo et al. 2012; Hyde & Linn, 1988). Thus, there may be an 
interaction effect between word difficulty and sex differences on performance of vocabulary 
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tests: sex differences may only show up on difficult vocabulary tests where no context is 
available (Boschloo et al., 2012). On a vocabulary test with easier words, behavioral measures 
will probably not show sex differences due to absence of context, although there may still be 
sex differences in brain activation (Konrad et al., 2008).
Our findings suggest that boys outperform girls on abstract nouns in vocabulary tests only 
when no context is available. This sex difference could be caused by boys and girls having 
different experiences with words. Boys and girls follow different gender roles and do different 
activities after school (Diamond, 2002; Downey, Yuan, & Anastasia, 2005). It is likely that the 
semantic system is shaped by this different input. In lexical networks, often-used words have 
stronger connections and are more easily activated than rarely-used words (see e.g. Graesser 
et al., 1997). The words in our task were difficult for the participants, given the words’ age 
of acquisition, low imageability ratings and low frequency values. Possibly, boys were more 
familiar with the difficult abstract nouns used in this task, and therefore performed better in 
the no-context condition than girls. 
In the present experiment, context helped girls to retrieve the meaning of a word, but it did 
not help boys. Connectionist models of lexical networks predict that context facilitates word 
access and retrieval because activation of context words also activates the target word (Graesser 
et al., 1997). Possibly, boys performed already at their maximum in the no-context condition. 
If that was the case, extra activation by context may not have been helpful. 
Another possible explanation for our findings is that there are sex differences in spreading 
activation in lexical networks. According to this explanation, in girls, activation spreads more 
easily through the whole lexical network including connections to related words, while in boys, 
the same activation is more focused on the target word. This gives boys strong activation of 
the target word and its meaning in the no-context condition, so that they can easily retrieve 
the meaning. In girls, the target word is not so strongly activated in the no-context condition, 
because activation also spreads to related words. However, in the context condition, the context 
also slightly activates the target word, which helps girls to reach the threshold to retrieve the 
meaning of the target word. In boys, these context effects are redundant, as target activation 
only is enough to retrieve the meaning of the word. Therefore, boys did not benefit from 
context, while girls did.
Some support for this explanation of sex differences in spreading activation can be found in 
literature. Several studies suggest that the sex difference in spreading activation may be a general 
feature of the semantic system. An ERP-study showed that women have more spontaneous 
deep semantic analysis after reading words than men, which means that women process 
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related words in semantic networks faster. When it is not necessary for the task, men seem 
to ignore semantic relationships between words (Wirth et al., 2007). Others concluded that 
women show more automatic spreading activation in lexical systems than men, who show more 
controlled lexical processing (Daltrozzo, Wioland, & Kotchoubey, 2007). Stronger activation 
of related words by girls is also seen in children, which causes young girls to over-generalize 
irregular verbs more often than boys (Hartshorne & Ullman, 2006). Furthermore, if activation 
spreads faster in women’s semantic networks, one would expect women to have better verbal 
association and fluency skills, which was indeed found in several studies (Hyde & Linn, 1988; 
Weiss et al., 2006). They would also be more easily influenced by priming, which was shown 
by Van Dyke et al. (2009). Thus, a sex difference in spreading activation seems to hold for the 
semantic system in general. It may even give women an advantage in integrating information 
from several sources (Darley & Smith, 1995). 
Whether the sex differences and context effect in the current study are caused by differences 
in experiences between boys and girls, and/or by a sex difference in spreading activation 
(these explanations are not mutually exclusive), remains to be seen in further studies. The 
current study addresses a need in literature on sex differences in language and lexical networks 
(Bauer & Altarriba, 2008). Moreover, since sex differences on language tests are seen in a wide 
variety of countries (Van Langen, Bosker, & Dekkers, 2006), there is also a societal need for 
more knowledge on sex differences and their determinants. The present study shows that sex 
differences in language do exist. Task characteristics – in this case presenting the word in the 
context of a sentence – may moderate these sex differences. Future research could focus on 
the finding other determinants of sex differences in language performance. Knowing how sex 
differences in language arise improves our understanding of language development, and may 
substantially contribute to effective approaches to teach vocabulary and reading comprehension 
to boys and girls.
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ABSTRACT 
This study investigated the relation between executive functions and school performance 
in a controlled sample of 173 healthy adolescents aged 12–18 years. Performance on the 
Sorting Test and Tower Test of the Delis-Kaplan Executive Functions System (D-KEFS) 
did not relate to report marks. Likewise, subscales of the Behavior Rating Inventory of 
Executive Function – Self-Report Version (BRIEF-SR) did not relate to report marks after 
controlling for grade, sex, and level of parental education. Thus, in healthy adolescents 
in preuniversity education these executive function tests are no better predictor of school 
performance than grade, sex, and level of parental education. 
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INTRODUCTION 
At school, adolescents often get complex assignments and have to do homework for various 
courses simultaneously. In addition, they have to decide which combinations of courses to 
follow, which may affect their possibilities for higher education and future careers. Therefore, 
the adolescent student needs to develop higher cognitive skills such as self-monitoring, 
planning and organizing to perform well. Yet, do such skills also predict adolescents’ school 
performance? Knowledge on the cognitive predictors of school performance is relevant for 
school (neuro)psychologists and other professionals who work with adolescents. They often 
have to estimate how scores on intelligence tests and neuropsychological tests scores come to 
expression in adolescents’ daily life, for example in school performance. 
Neuropsychological measures that are often used to estimate performance in daily life are 
executive function tests (Chan, Shum, Toulopoulou, & Chen, 2008; Gioia & Isquith, 2004). 
Executive functions are those functions that are necessary for goal-directed behavior (e.g. Best 
& Miller, 2010). A large range of executive functions have been described in literature, such as 
inhibition, updating working memory, shifting, planning, organization skills, attentional control, 
and self-control (Alvarez & Emory, 2006; Best & Miller, 2010; Hofmann, Schmeichel, & Baddeley, 
2012). Concerns have been raised about the ecological validity of executive function tests, that 
is, how well they predict performance in daily life (Chan et al., 2008; Gioia & Isquith, 2004). 
Previous studies that related those tests to school performance in adolescents found mixed results 
(e.g. Best, Miller, & Naglieri, 2011; Chan et al., 2008; Gioia & Isquith, 2004; Latzman, Elkovitch, 
Young, & Clark, 2009; St Clair-Thompson & Gathercole, 2006). This may have been because 
these studies did not control for important confounders (Willoughby, Kupersmidt, & Voegler-
Lee, 2011). Therefore, the aim of the present study was to investigate whether the performance 
on executive functions tests relates to school performance of adolescents in a controlled sample.
From neuroscience, it is known that executive functions derive from neural networks between 
several brain areas, including, but not restricted to, prefrontal brain areas (Alvarez & Emory, 
2006). These brain areas develop during childhood through adolescence until early adulthood 
(Giedd, 2008; Gogtay et al., 2004). Neuropsychological studies have confirmed that executive 
functions develop during this time period, with some functions being fully developed earlier 
than others (Anderson, 2002; Best & Miller, 2010). Considering the nature of executive 
functions, and the fact that they are still developing in adolescents, it is likely that adolescents’ 
school performance is related to the degree of maturation of relevant executive functions. 
School performance can be measured with various outcome measures, such as report marks or 
performance on standardized tests. Of these two measures of school performance, report marks 
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have the highest ecological validity, since they are relevant for students’ daily lives. Decisions 
on passing or failing a course or grade are made based on report marks. Only few studies have 
investigated the relation between executive functions and report marks. Most of these studies 
were in early adolescents, aged 12–13 years (Checa & Rueda, 2011; Checa, Rodriguez-Bailon, 
& Rueda, 2008; Veenman, Kok, & Blöte, 2005). Results showed that executive functions such 
as executive attention (Checa et al., 2008) and metacognitive (executive) skills (Veenman et 
al., 2005) partially predicted report marks for mathematics. Not only mathematics, also the 
average report mark of all subjects at the end of the academic year appeared to be related to 
attention and effortful control (Checa & Rueda, 2011). In primary school children in third 
grade, executive function tests such as the Trail making test and the Tower of Hanoi did not 
relate to report marks. However, a classroom-based planning task did, just as teacher reports 
on children’s time management skills (Cohen, Bronson, & Casey, 1995).
Most studies that have investigated the relation between executive functions and school 
performance in adolescents did not consider report marks, but looked at outcomes on 
standardized performance tests. Standardized tests are equal for all students, and scores are 
not dependent on a student’s school, class or teacher, as is the case with report marks. Studies 
on the relation between performance on standardized tests and executive functions showed 
that in girls, performance on mathematics in adolescence and early adulthood was predicted 
by executive functioning measured in childhood, especially the score on the Rey Osterrieth 
Complex Figure (Miller & Hinshaw, 2010; Miller, Nevado-Montenegro, & Hinshaw, 2011). 
Furthermore, in a cross-sectional study, three complex executive function measures from the 
Cognitive Assessment System were related to school performance on reading and mathematics 
in children and adolescents from 5 to 17 years (Best et al., 2011). Others found that not all 
executive function tests contributed equally to various academic skills: results by (Latzman et al., 
2009) showed that in adolescent boys aged 11–16 the Delis-Kaplan Executive Functions System 
(D-KEFS) composite score for conceptual flexibility was related to performance in reading and 
science, the monitoring composite was related to reading and social studies, and inhibition was 
related to mathematics and science. St Clair-Thompson and Gathercole (2006) reported that in 
11–12 year-old adolescents, updating was related to English and mathematics, inhibition was 
related to English, mathematics and science, and shifting was not related to school performance. 
In sum, performance on some executive function tests appears to be related to school 
performance. Yet, the studies vary in the specific executive functions being related to the 
different school subjects, and the exact size of the relationships. Studies finding high correlations 
between executive functions and school performance (between .30 and .50 or higher) often used 
a sample that was diverse in socioeconomic background, or did not control for sex or intelligence 
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(e.g. Best et al., 2011; St Clair-Thompson & Gathercole, 2006). Studies who did control for these 
factors generally found lower correlations (around .10 to .25) (Latzman et al., 2009; Miller & 
Hinshaw, 2010). Thus, to investigate the association between executive functions and school 
performance, it is crucial to carefully control for confounders. In addition, research in younger 
children shows that the relationship between executive functions and school performance is 
confounded by unmeasured variables that are constant over time (Willoughby et al., 2011). 
For these reasons, the current study used a homogeneous sample: in that way, many known 
and unknown variables could be controlled for. 
Our sample consisted of students from preuniversity education, which is the most advanced 
track in Dutch secondary education: the top 20% of all students in Dutch secondary education 
are in this track (Ministry of Education, Culture and Science, 2009). Therefore, all our 
participants were high performing students. Moreover, we selected students who never repeated 
or skipped a grade in school. Students who have repeated or skipped a grade have different 
profiles on a range of school related variables compared to students with a regular education 
career (Jimerson, 2001; Steenbergen-Hu & Moon, 2011). In addition, given that they are a 
year older or younger than their classmates, they are most probably in a different stage in both 
biological and psychological development. Furthermore, by including only healthy, normally 
developing adolescents, effects of medical factors such as past brain trauma, a developmental 
disorder, or medication use that may influence the relation between executive functions and 
school performance were reduced as well. Because of these selection criteria, our sample was 
homogeneous with regard to both ability level and developmental history. 
As an additional research question, we investigated one possible confounder in particular, 
namely, sex. Sex is well known for its influence on school performance: it depends on the subject 
whether girls or boys do better (Clark, Thompson, & Vialle, 2008; Driessen & Van Langen, 2010; 
Machin, 2005; Van Langen, Bosker, & Dekkers, 2006). And although studies using executive 
function tests often do not find clear sex differences, boys and girls do report differences in 
executive functioning in school (Coenen, Meng, & Van der Velden, 2011). Moreover, educational 
studies have shown that girls’ better performance is due to their better self-control and self-
discipline (Downey, Yuan, & Anastasia, 2005; Duckworth & Seligman, 2006; Hyde, Lindberg, 
& Wilson, 2007; Steinmayr & Spinath, 2008). Self-control and self-discipline are supposed to 
be subserved by executive functions (Hofmann et al., 2012). Possibly, the relation between 
executive functions and school performance is different for boys and girls. This moderation 
hypothesis was addressed in the current study.
In sum, the aim of the current study was to investigate the respective relations between three 
different measures of executive functions and school performance, while keeping close control 
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of confounders. In addition, we investigated whether these relations were moderated by sex. 
We investigated a homogeneous sample of 173 healthy adolescents, all students in preuniversity 
education. Two objective neuropsychological tests were used to measure categorizing and shifting 
(Sorting test from the D-KEFS) and planning skills (Tower test from the D-KEFS). These tests 
are suitable for administration in adolescents and measure executive functions that still develop 
in this age range (Delis, Kaplan, & Kramer, 2001; Huizinga, Dolan, & Van der Molen, 2006; 
Luciana, Collins, Olson, & Schissel, 2009). Furthermore, we also administered the Behavior 
Rating Inventory of Executive Function – Self-Report Version (BRIEF-SR) (Guy, Isquith, & Gioia, 
2004). This questionnaire has been developed to measure a wide range of executive functions 
based on their appearance in real-world behavior. Therefore, the BRIEF-SR has been claimed to be 
a more ecologically valid measure of executive functions than objective neuropsychological tests 
(Gioia & Isquith, 2004; Guy et al., 2004). We used report marks to measure school performance, 
since these are most relevant to adolescents’ themselves. School performance was measured 
with end-of-term report marks for Dutch (the native language), mathematics and English as 
a foreign language. Based upon the notion that the BRIEF-SR is more ecologically valid than 
objective executive function tests, we hypothesized that the BRIEF-SR would predict report 
marks better than the objective tests. In addition, we hypothesized that the relation between 
executive functions and school performance would be different for boys and girls. 
METHODS
Participants 
Participants came from seven secondary schools in the south of The Netherlands. They were 
in grade 7, 9 or 11 of the preuniversity educational track. This is the most advanced track 
in Dutch secondary education: the top 20% of all students in Dutch secondary education 
are in this track (Ministry of Education, Culture and Science, 2009). Participants had not 
repeated or skipped a grade. Furthermore, participants had the Dutch nationality, had no 
learning disorders, psychiatric disorders or developmental disorders, did not use medication 
that influences cognitive functions and did not have a history of brain damage with a loss of 
consciousness of more than 30 minutes. These criteria were measured with a questionnaire 
that was completed by the parents. 
Participants themselves and parents of under-aged participants had to give permission for 
participation. Participants received a monetary reward for participation. The Ethical Committee 
of the Faculty of Psychology of Maastricht University approved the research protocol.
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Measures
Executive functions
Objective measures of executive functions were acquired with the Sorting Test and the Tower 
Test from the Delis-Kaplan Executive Functions System (D-KEFS) (Delis et al., 2001). The 
Sorting Test is a card-sorting test, which aims to measure categorization skills and set shifting. 
No Dutch version existed; therefore we translated the words on the cards, and changed some 
words to make all original sorts possible. The free sorting condition was used. Outcome measure 
of the Sorting Test was the number of confirmed correct sorts (range: 0–16). The Tower Test 
measures planning, and has a strong learning component due to the nature of the items. The 
raw total achievement score was used as outcome measure (range: 0–30). 
As a subjective measure of executive functions, the Behavior Rating Inventory of Executive 
Function – Self Report Version (BRIEF-SR) (Guy et al., 2004) was used. The BRIEF-SR is an 
80-item questionnaire, especially developed for adolescents, in which they have to indicate how 
often the described behaviors had been a problem in the past six months (never, sometimes or 
often). The items can be grouped into 8 scales that measure the following executive functions: 
Inhibit, Shift, Emotional Control, Monitor (together: the Behavioral Regulation Index, BRI) and 
Working Memory, Plan/Organize, Organization of Materials, and Task Completion (together: 
the Metacognition Index, MCI). A higher score on the MCI and the BRI indicates more problems 
with executive functioning. Following the official Dutch translation of the BRIEF Parent Version 
(by Smidts and Sergeant), the BRIEF-SR was translated into Dutch. Few items of the BRIEF-SR 
are different from those in the Parent Version. These were translated by a native English-Dutch 
bilingual psychologist, and reviewed by another psychologist. The internal consistency of this 
Dutch version of the BRIEF-SR was r = .89 for the BRI and r = .91 for the MCI.
Report marks
End of term report marks (ranging from 1.0 = very bad to 10.0 = outstanding) for Dutch, 
English and mathematics were acquired through the schools’ administration. Dutch, English and 
mathematics are the first three main goals of secondary education in The Netherlands (Ministry 
of Education, Culture and Science, 2006) and are valid estimators of school performance (Reed 
et al., 2010). Because the schools in the sample used different grading policies, each schools’ 
report marks were transformed into z-scores based on the schools’ mean report mark and its 
standard deviation. In this way, the distribution of scores was similar for each school. 
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Demographics
Participants reported age and sex. Parents reported both parents’ education level. Level of 
parental education (LPE) was defined as the highest education of the two. LPE was medium 
when the parents had junior vocational or junior general secondary education and high when 
they had senior vocational or academic education.
Procedure
Adolescents were recruited through letters that were distributed at the seven schools by the 
researchers. All students were in grade 7, 9 or 11 at the start of the study. Because the study started 
at the end of a school year, 50.9% of the adolescents were tested in the new school year, and were 
therefore in grade 8, 10 or 12 when they participated. A trained psychologist administered tests 
and questionnaires in a quiet room at school. Administration took approximately 1.5 hours. 
Adolescents participated during school time and therefore missed certain lessons.
Analyses
All analyses were performed with SPSS Statistics 19.0 for Mac. First, to examine relations 
between all variables of interest, zero-order correlations were calculated. To investigate whether 
executive functions predicted report marks after correction for grade at the start of the study, sex 
and LPE, separate multivariate GLM analyses (MANCOVA) were performed for each executive 
function score. Dependent variables were standardized report marks for Dutch, English and 
Mathematics. The following fixed factors and covariates were included: grade, sex, LPE and 
executive function score. To examine whether results were different for the different grades, 
we added the interaction term grade * executive function score. To investigate moderation 
by sex, analyses were performed with inclusion of the interaction between sex and executive 
function score. If interaction effects were not significant, analyses were repeated without the 
interaction effects.
RESULTS
A total of 173 adolescents between 12.68 years and 18.05 years participated (age M = 15.22 years; 
SD = 1.66). Of those, 63.6% had highly educated parents, and the remainder had parents with a 
medium education level. Table 4.1 shows outcomes on executive function measures and school 
performance, per grade and sex. Sex differences were seen on the Tower Test in advantage of 
boys. On the other executive function measures, no sex differences were found. On all school 
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report marks, there were differences between grades and between sexes: students from lower 
grades had higher report marks than students from higher grades, and girls achieved higher 
report marks than boys.
Relation between executive functions and report marks 
Table 4.2 shows correlations between executive function measures and report marks. The 
BRI and MCI of the BRIEF-SR were the only executive function measures that significantly 
correlated with report marks. The BRI correlated with Dutch scores only (r = -0.17), while 
the MCI correlated with report marks in Dutch, English and mathematics (between r = -0.20 
to r = -0.27, p < 0.05). 
Sorting Test
MANCOVA analyses showed no significant interactions effect between Sorting test score and 
grade, and Sorting test score and sex on report marks, resp. F(6, 326) = 1.07, p = 0.382 and 
F(3, 162) = 0.58, p = 0.631. Repeating the analyses without the interaction effect also showed 
no significant main effect of Sorting test score on report marks, F(3, 165) = 0.27, p = 0.847. 
Tower Test
MANCOVA analyses showed no significant interaction effects between Tower test score and 
grade, and Tower test score and sex on report marks, resp. F(6, 326) = 1.49, p = 0.181 and F(3, 
162) = 0.64, p = 0.588. Repeating the analyses without the interaction effect also showed no 
significant main effect of Tower test score on report marks, F(3, 165) = 1.98, p = 0.119.
BRIEF-SR BRI
MANCOVA analyses showed no significant interaction effects between the score on the BRI 
and grade, and the BRI and sex on report marks, resp. F(6, 326) = 0.60, p = 0.729 and F(3, 
162) = 1.99, p = 0.118. Repeating the analyses without the interaction effect also showed no 
significant main effect of BRI score on report marks, F(3, 165) = 1.99, p = 0.117.
BRIEF-SR MCI
MANCOVA analyses showed no significant interaction effects between the score on the MCI 
and grade, and the MCI and sex on report marks, resp. F(6, 326) = 0.57, p = 0.751, F(3, 162) = 
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1.03, p = 0.382. Repeating the analyses without the interaction effect also showed no significant 
main effect of MCI score on report marks, F(3, 165) = 2.12, p = 0.100.
DISCUSSION
The current study investigated whether executive functions predicted report marks in healthy 
adolescents aged 12-18 years who study at preuniversity education level. It appeared that 
performance on the Sorting test and the Tower test did not predict report marks for Dutch, 
mathematics and English. Yet, there was a zero-order correlation between score on the BRIEF-
SR and report marks (r = .17 – r = .27). Such correlations are often reported in studies relating 
executive function tests to school performance (e.g. Best et al., 2011; St Clair-Thompson & 
Gathercole, 2006). However, after correcting for grade, sex and LPE, the BRIEF-SR did not 
Table 4.2 Zero-order correlations between background variables, executive function measures 
and report marks
1 2 3 4 5 6 7 8 9 10
1. Group 1
2. Sex 0.11 1
3. LPE 0.04 -0.02 1
4. Sorting Test 
confirmed 
correct score 
0.16* 0.10 -0.01 1
5. Tower Test total 
achievement 
score
0.04 -0.18* -0.02 0.15 1
6. BRIEF-SR BRI 0.01 0.00 -0.23** -0.02 -0.01 1
7. BRIEF-SR MCI 0.18* -0.12 -0.08 0.06 0.15* 0.65** 1
8. Standard score 
Dutch
-0.37** 0.39** 0.08 0.01 0.00 -0.17* -0.27** 1
9. Standard score 
English
-0.40** 0.12 -0.03 -0.06 0.01 -0.09 -0.20** 0.57** 1
10. Standard score 
mathematics
-0.35** 0.18* 0.12 -0.02 0.10 -0.08 -0.20* 0.46** 0.50** 1
Note. LPE = level of parental education, BRIEF-SR = Behavior Rating Inventory of Executive Function – Self-Report 
Version, BRI = Behavioral Regulation Index, MCI = Metacognition Index.
* p < 0.05, ** p < 0.01.
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predict report marks anymore. Moreover, there was no evidence that sex moderated the relation 
between executive functions and report marks. 
The magnitude of the correlation between the BRIEF-SR and report marks in the current 
study was comparable to studies that controlled for intelligence (Latzman et al., 2009; Miller 
& Hinshaw, 2010). In the current study, all participants were in preuniversity education, the 
level at which the best 20% of Dutch students is studying (Ministry of Education, Culture 
and Science, 2009). By selecting this high-performing sample, we indirectly corrected for 
ability. That the BRIEF-SR did relate to report marks, while the objective neuropsychological 
tests (Sorting test and Tower test) did not, may illustrate the higher ecological validity of the 
BRIEF-SR. Still, it may also be attributed to the fact that the BRIEF-SR measures behavior 
that happened over a longer time period, while executive function tests reflect executive skills 
at a single time point. 
Controlling for grade, sex and level of parental education removed the relation between the 
BRIEF-SR and report marks. Thus, if one knows from a student in preuniversity education 
whether it is a boy or a girl, in which grade the student is, and what education level the 
parents have, one can predict report marks as well as with the score on the BRIEF-SR. Why 
could the executive function tests in the present study not predict school performance? One 
explanation for our findings is that executive functioning may play a role in student selection for 
preuniversity education. Usually, primary schools give each student advice on the appropriate 
education level in secondary education. In this advice, not only cognitive performance, but 
also expected development, motivation for school and study approach are taken into account 
(Driessen, 2005). It could be that, unknowingly, executive functions are taken into account as 
well. Students with good executive skills would then be advised to go to preuniversity education, 
while students with poorer executive skills would be advised to go to general secondary 
education or prevocational education. Future research could investigate the relation between 
executive functions and school performance in general secondary education and prevocational 
education as well. Possibly, effects will be found at these other educational levels. 
 However, also within preuniversity education, students themselves report that they differ with 
respect to their executive function skills (Coenen et al., 2011). Moreover, sex differences in self-
control, which is closely linked to executive functions, appear to contribute to sex differences 
in school performance (Downey et al., 2005; Duckworth & Seligman, 2006; Hyde et al., 2007; 
Steinmayr & Spinath, 2008). This may indicate that the executive function tests used in this 
study were not sensitive enough to measure differences in high performing healthy adolescents. 
Executive function tests used in clinical practice are often not sensitive enough to distinguish 
executive function difficulties in clinical groups (Chan et al., 2008), let alone healthy subjects. 
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To accurately measure differences in executive functions between healthy high performing 
adolescents, other tests may be needed. 
A strong point of the current study is that it used report marks to estimate school performance. 
Most studies measure school performance with standardized tests. An advantage of standardized 
tests is that these tests are similar for all participants in the study (OECD, 2007). A disadvantage 
of standardized tests is the lack of ecological validity, because standardized tests are not the 
outcomes on which students are being assessed in school (Cohen et al., 1995; Wolfson & 
Carskadon, 2003). Students are reliant on report marks for their school success, as report marks 
indicate whether a student may pass to the next grade or enter a certain school or educational 
track. Report marks may also have higher reliability than standardized tests due to multiple 
measurements and more closely measure learning that takes place at school (Wolfson & 
Carskadon, 2003). Thus, report marks may give a better estimation of real life outcomes than 
standardized tests. 
The present study shows that school performance in healthy, well-performing adolescents could 
not be predicted by scores on the Sorting test, Tower test and BRIEF-SR. It raises the question 
whether and to what extent school performance in this sample depends on executive functions. 
In this sample of healthy, well-performing adolescents, school performance may be affected 
more strongly by other cognitive factors, for example, content knowledge of the school subjects, 
or psychological factors such as motivation or personality. Moreover, the study illustrates that 
controlling for confounders is very important in research on the effect of executive functions 
on school performance (Willoughby et al., 2011). Future research may investigate whether 
these results also hold for other executive function tests and other samples. For instance, are 
similar results seen in adolescents who study at other education levels? And in adolescents 
who repeated a grade or have a developmental disorder? Based on the current study, we can 
conclude that executive functions measured with the Sorting test, Tower test and BRIEF-SR 
do not play a major role in school grades in healthy, high-performing adolescents.
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ABSTRACT 
Adolescent girls generally have better prosocial skills than boys. An important prosocial 
skill for adolescents, in friendships and at school, is cooperation. Cooperation skills 
have been hypothesized to depend on executive functions, but this has not yet been 
investigated in a large sample of healthy adolescents. Therefore, this survey study in 1630 
adolescents aged 14–15 years investigated cooperation skills in relation to sex differences 
and executive functions. Results showed that girls reported better cooperation skills 
than boys. Adolescents who reported better planning and initiative also reported better 
cooperation skills. Nevertheless, executive functions could not explain sex differences in 
cooperation skills. 
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INTRODUCTION 
In adolescence, structural brain developmental changes take place, especially in prefrontal 
brain areas (Giedd, 2008; Gogtay et al., 2004). These structural brain developmental changes 
start earlier in girls than in boys (Lenroot et al., 2007). At the same time, development is seen 
in executive functions (Huizinga, Dolan, & Van der Molen, 2006; Prencipe, Kesek, Cohen, 
Lamm, Lewis, & Zelazo, 2011) and in prosocial skills (Fabes, Carlo, Kupanoff, & Laible, 1999). 
Although several authors have suggested that executive functions and prosocial skills are related 
(Beauchamp & Anderson, 2010; Crone, 2009; Yeates et al., 2007), it is unclear whether this 
is true for healthy adolescents. Therefore, the current study investigates the role of executive 
functions in prosocial skills in a large sample of typically developing adolescent boys and girls 
aged 14–15 years (n = 1630). We focused on one prosocial skill in particular: cooperation. 
Cooperation is important in adolescents’ daily life. Adolescents benefit from good cooperation 
skills in friendships, and in performance at school (Roseth, Johnson & Johnson, 2008). Sex 
differences exist in prosocial and cooperation skills. A meta-analysis by Fabes and colleagues 
(1999) on prosocial behavior – including cooperation – showed that in early adolescence, 
prosocial behavior increases. At the same time, sex differences in prosocial behavior increase 
as well: girls show more prosocial behavior than boys (Fabes et al., 1999). More recent studies 
that investigated self-reported or peer- and teacher-reported prosocial behavior including 
cooperation have confirmed this sex difference (Gregory, Light-Häusermann, Rijsdijk, & Eley, 
2009; Wentzel, Filisetti, & Looney, 2007). 
Executive functions may also be an important source of individual differences in prosocial 
skills. Executive functions is an umbrella term for several functions that together are involved 
in the regulation of behavior, such as attention, inhibition, self-regulation, shifting, working 
memory, initiating and planning (Anderson, 2002; Beauchamp & Anderson, 2010). Executive 
functions appear to be essential for cooperation, since capacities such as self-regulation and 
planning are necessary for social exchange (Barkley, 2001). From an evolutionary perspective, 
executive functions may have evolved to enable cooperation, since the latter is essential for 
the survival of human beings (Barkley, 2001; Decety, Jackson, Sommerville, Chaminade, & 
Meltzoff, 2004). Beauchamp and Anderson (2010) composed a model that describes skills, 
functions and external factors that underlie social functioning: the socio-cognitive integration 
of abilities model (SOCIAL). In this model, a central role is played by executive functions, in 
the form of an attentional-executive component that is important for the execution of social 
behavior. This model illustrates that executive functions may be crucial for social behavior 
such as cooperation.
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Only few studies have investigated the relation between executive functions and prosocial skills 
in healthy adolescents (Crone, 2009). Most studies on the relation between executive functions 
and prosocial skills have focused on young children, and/or children with a behavioral disorder, 
such as ADHD. For example, Moore, Barresi, and Thompson (1998) found that in preschoolers 
aged 3–4, the ability to inhibit a prepotent response was related to prosocial future-oriented 
behavior. Ciairano, Visu-Petra, and Settanni (2007) found that inhibition skills predicted 
cooperative behavior and non-cooperative behavior in primary school children aged 7–12. In 
8–12 year old children with ADHD, executive functions predicted social skills measured with 
observational tasks (Huang-Pollock, Mikami, Pfiffner, & McBurnett, 2009). And in 6–12 year 
old children with different degrees of attention problems, sustained attention was related to 
social behavior in the classroom (Andrade, Brodeur, Waschbusch, Stewart, & McGee, 2009). 
Recently, Rinsky and Hinshaw (2011) showed that in girls with Attention Deficit Hyperactivity 
Disorder (ADHD) (n = 140) and normal controls (n = 88) planning and inhibition skills in 
childhood predicted social behavior in adolescence. Thus, based on the results of these studies, 
it seems that executive functions are needed for cooperative behavior, also in adolescence.   
All in all, the literature shows that boys and girls differ in cooperation skills, and indicates 
that executive functions may play a role in cooperation skills. The next question is: do these 
differences in executive functioning explain sex differences in cooperation skills? Executive 
functions may relate to sex differences in cooperation skills in two different ways. One 
hypothesis is that girls have better executive functions than boys. This then underlies their better 
cooperation skills (see Figure 5.1). For this mediation hypothesis to be true, one would expect 
sex differences in executive functions to exist. Yet, the literature shows that sex differences are 
only rarely found on executive function tests in adolescents (Anderson, Anderson, Northam, 
Jacobs, & Catroppa, 2001; Huizinga et al., 2006; Luciana, Conklin, Hooper, & Yarger, 2005). 
On the other hand, data on behavior and performance at school do demonstrate that boys have 
lower planning and self-regulation skills than girls (Coenen, Meng, & Van der Velden, 2011; 
Downey, Yuan, & Anastasia, 2005; Duckworth & Seligman, 2006; Hyde, Lindberg, & Wilson, 
2007). This incongruence between results on executive function tests and behavioral data may 
be caused by the restricted ecological validity of executive function tests (Gioia & Isquith, 2004). 
Questionnaires or self-report measures may be better at measuring executive functions in daily 
life (Gioia & Isquith, 2004; Guy, Isquith & Gioia, 2004; Van der Elst et al., 2012). 
An alternative hypothesis relating executive functions to sex differences in cooperation states 
that executive functions play a different role in cooperation skills in boys and in girls (see 
Figure 5.2). In this moderation hypothesis, executive functions more strongly contribute to 
cooperation skills in boys.
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In girls, other skills than executive functions may contribute more strongly to their cooperation 
skills. A recent meta-analysis on social dilemmas in adolescents and adults showed that men 
and women use different strategies in cooperative situations (Balliet, Li, Macfarlan, & Van Vugt, 
2011). It could be that men’s cooperation strategy is more dependent on executive functions, 
while women make more use of a different skill, for example empathy. It has been found that 
women score higher than men on empathy (Rumble, Van Lange, & Parks, 2010; Schulte-Rüther, 
Markowitsch, Shah, Fink, & Piefke, 2008), which is related to prosocial behavior (Fabes et al., 1999).
Figure 5.1 Hypothesized mediation model.
Figure 5.2 Hypothesized moderation model.
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The aim of the current study was to investigate sex differences and the role of executive functions 
in cooperation skills in a large sample of typically developing adolescents aged 14–15 years (n 
= 1630). Adolescents were participants in a large representative population study, COOL5-18. 
Cooperation was measured with the answer on a single statement I am good at cooperating with 
others. Single item measures like this one are regularly used in studies in areas such as quality 
of life, job satisfaction, and education research (De Boer et al., 2004; Kuyper, Dijkstra, Buunk, 
& Van der Werf, 2011; Wanous, Reichers, & Hudy, 1997). These studies have confirmed that 
single item measures have adequate convergent validity with multi-item questionnaires. To 
measure executive functions, adolescents completed a self-report questionnaire on executive 
functions. Whereas self-report measures are often used in research on prosocial skills and 
executive functions (Crowe, Beauchamp, Catroppa, & Anderson, 2011; Guy et al., 2004; 
Matson & Wilkins, 2009; Shuster & Toplak, 2009; Van der Elst et al., 2012) their outcomes 
may be disturbed by social desirability bias (Eisenberg, Miller, Shell, McNalley, & Shea, 1991). 
Adolescents may be especially prone to social desirability bias, because they are sensitive to 
peer pressure and want to be alike to their close peers (Brown, Clasen, & Eicher, 1986; Gardner 
& Steinberg, 2005; Linden-Andersen, Markiewicz, & Doyle, 2009). Therefore, we corrected for 
social desirability bias with a social desirability scale. 
We hypothesized that girls would report better cooperation skills than boys. Furthermore, we 
expected that adolescents with better executive functions, specifically attention, self-control 
and planning, would report better cooperation skills. In addition, we investigated a mediation 
and a moderation hypothesis to explain the relations between sex, executive functions and 
cooperation skills.
METHODS
Procedure
Data for this study were derived from the COOL5-18 study (CohortOnderzoek Onderwijs 
Loopbanen, in English: Cohort Study of Educational Trajectories) (Zijsling, Keuning, Kuyper, 
Van Batenburg, & Hemker, 2009), which follows students from age 5 to 18 years through their 
whole education trajectory. In total, 80 secondary schools participated in COOL5-18. Schools 
were selected when they were attended by students who had participated in a nationally 
representative primary school cohort study (PRIMA). Schools selected these students and 
their classmates to participate. The current study investigates students from the first wave of 
9th grade students.
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Schools administered students a questionnaire and several standardized tests measuring 
school performance. In half of the schools a social desirability measure was part of the tests. 
Total test administration took six hours. Schools decided themselves on the timing of test 
administration and the order in which the questionnaires and tests were completed. Parents of 
participating students completed a questionnaire at home, which students returned to school. 
Schools received a report on their students’ performance. See Zijsling et al. (2009) for more 
information on the procedure. 
Participants
Adolescents were 9th grade students participating in the COOL5-18 study. Adolescents were selected 
when complete data were available for age, sex, education track, level of parental education (LPE), 
ethnicity, social desirability, executive functions, and cooperation skills. Selected adolescents were 
between 14.25 and 15.25 years old. With this selection, we created a homogeneous sample, with 
the number of students who had repeated or skipped a grade included reduced to a minimum. 
Students who repeated or skipped a grade have different profiles on a range of school related 
variables compared to students with a regular education career (Jimerson, 2001; Steenbergen-
Hu & Moon, 2011). In addition, given their age, they are most probably in a different stage in 
biological and/or psychological development. Therefore, they can be considered a different 
population. In total, the sample of the current study consisted of 1630 adolescents. 
Measures 
Cooperation
Cooperation was measured with the following question for the students: I am good at cooperating 
with others. Answer options were ‘not true’, ‘partly true’ and ‘true’.
Executive functions
Executive functions were measured with the Amsterdam Executive Function Inventory (AEFI), 
a self-report scale for executive functions (Van der Elst et al., 2012). It contains 13 questions 
that form three scales: Attention (3 items), Self-control and self-monitoring (5 items), and 
Planning and initiative (5 items). Answer options were 1 (not true), 2 (partly true) and 3 (true). 
The three scales had adequate reliability in this population (Cronbach’s alpha respectively .64; 
.65 and .60) (Van der Elst et al., 2012). Cases were considered complete when all items were 
complete or when only one item was missing. In the latter case, the item score was replaced 
by the mean of the scale.
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Social desirability
To control for social desirability bias in answers on the self-report questionnaires, a five-item 
social desirability scale was administered. Items were statements such as I am always very 
friendly to everybody. Items were rated on a four-point scale, ranging from 1 (Does not apply 
at all to me) to 4 (Applies completely to me) (Ten Dam, Geijsel, Reumerman, & Ledoux, 2011). 
The mean score on these items was used in the analyses. The scale has an adequate reliability 
in this population (Cronbach’s alpha = 0.64) (Zijsling et al., 2009). 
Demographics
Adolescents indicated their sex and education track on the questionnaires. Data on LPE and 
ethnicity were gathered with a questionnaire for the parents. LPE was defined as the level of 
the parent with the highest education level, and classified in two levels: low-medium (at most 
secondary vocational education) and high (at least academic level). Ethnicity was defined 
as the birth country of the mother, and was dichotomized as Western versus non-Western 
(Zijsling et al., 2009).
Analyses
We dichotomized the cooperation score by discerning moderate cooperation skills (those 
who answered the question with not true and partly true) and good cooperation skills (answer 
option true). The analyses were performed with SPSS Statistics 19.0 for Mac. Because of the 
large sample size, for all analyses alpha was defined at p = 0.01. First, correlations between 
cooperation skills and possible covariates age, educational track, LPE and social desirability 
were computed. Covariates were included in the main analyses when they were significantly 
related to cooperation skills. 
To test the mediation hypothesis, we investigated a multiple mediator model, with cooperation 
skills as dependent variable, sex as independent variable, and three mediators: the three executive 
functions scales (Attention, Self-control and self-monitoring, and Planning and initiative) (see 
Figure 5.1). We used bootstrapping procedures described by Preacher and Hayes (Preacher & 
Hayes, 2008) to estimate the indirect effect, which is indicative of mediation. Bootstrapping 
is preferred over other tests of mediation, such as the Sobel test or the causal steps approach 
(Baron & Kenny, 1986), because both the total effect of multiple mediators and their individual 
effects can be assessed with bootstrapping (Preacher & Hayes, 2008). For bootstrapping, we 
used the INDIRECT script for SPSS by Preacher and Hayes (http://www.afhayes.com/spss-
sas-and-mplus-macros-and-code.html). In the current case, with a dichotomous dependent 
variable and continuous mediators, this script uses both regression and logistic regression 
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analyses to estimate direct, indirect, and total effects. We used 5000 bootstrap resamples to 
acquire 99% confidence intervals of the indirect effect. Because indirect effects usually have a 
skewed distribution, we tested them with bias corrected confidence intervals, which perform 
best in this situation (Mackinnon, Lockwood, & Williams, 2004).
To investigate the moderation hypothesis, a logistic regression analysis was performed, with 
cooperation skills as dependent variable and sex, the three executive functions, and their 
interaction effects (Sex * Attention, Sex * Self-control and self-monitoring and Sex * Planning 
and initiative) as independent variables (Holmbeck, 1997). To prevent multicollinearity, the 
executive functions scores were centered around zero by subtracting the mean from each value. 
RESULTS
Most adolescents reported being good at cooperating with others (61.4%). Only a small group 
answered the question ‘I am good at cooperating with others’ with not true (2.9%); the rest 
responded with partly true (35.7%). The latter two groups were considered having moderate 
cooperation skills. Table 5.1 shows characteristics and results on outcome measures for the 
sample as a whole and separately for those with moderate and good self-reported cooperation 
skills. Correlations indicated that social desirability was the only covariate significantly related 
to cooperation skills (see Table 5.2). Therefore, social desirability was added to all further 
analyses as covariate.
Associations between sex, self-reported cooperation skills and self-
reported executive functions
Analyses show the following associations between sex, self-reported cooperation skills and 
self-reported executive functions. Firstly, the total effect of sex on cooperation skills (c path in 
Figure 5.1) was significant, which means that there is a relation between sex and self-reported 
cooperation skills (unstandardized B = 0.43, SE = 0.11, OR = 1.54, Wald (1) = 16.69, p < 0.001). 
The direction of this relation indicates that girls were more likely than boys to report being 
good at cooperation. 
Secondly, there were no significant relations between sex and the respective executive functions 
(a paths) (for Attention: unstandardized B = -0.09, SE = 0.08, ß = -0.03, t = -1.19, p = 0.234; for 
Self-control and self-monitoring: unstandardized B = 0.06, SE = 0.11, ß = 0.01, t = 0.52, p = 
0.604; for Planning and initiative: unstandardized B = -0.14, SE = 0.10, ß = -0.04, t = -1.48, p = 
0.140). This means that no sex differences were seen on these self-reported executive functions. 
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Thirdly, analyses of the relations between executive functions and cooperation skills (b paths) 
showed that Planning and initiative was related to cooperation skills (unstandardized B = 
0.25, SE = 0.03, OR = 1.29, Wald (1) = 73.16, p < 0.001), while Attention and Self-control and 
self-monitoring were not (Attention: unstandardized B = 0.05, SE = 0.04, OR = 1.05, Wald (1) 
= 1.33, p = 0.249; Self-control and self-monitoring: unstandardized B = 0.05, SE = 0.03, OR = 
1.06, Wald (1) = 3.40, p = 0.065). This indicates that adolescents who score higher on Planning 
and initiative were more likely to report better cooperation skills. Social desirability was also 
related to self-reported cooperation (unstandardized B = 0.46, SE = 0.15, OR = 1.60, Wald (1) 
= 11.42, p < 0.001). Thus, adolescents with a higher tendency to give social desirable answers 
were also more likely to report better cooperation skills. 
Finally, after correcting for effects of executive functions and social desirability, the relation 
between sex and cooperation skills remained significant (c’ path) (unstandardized B = 0.49, 
SE = 0.11, OR = 1.63, Wald (1) = 20.25, p < 0.001). 
Mediation
Bootstrapping analysis of the indirect effects showed that the relation between sex and 
cooperation was neither mediated by any of the three executive functions, nor by their total 
effect (Table 5.3). All bias-corrected confidence intervals include 0, which means that the 
effects were not significant.
Table 5.2 Correlations
Variables 1 2 3 4 5 6 7 8 9 10
1. Age 1
2. Sex -.04 1
3. Education track -.04 -.08† 1
4. LPE -.07† .02 .36† 1
5. Western -.08† -.01 .06 .11† 1
6. Social desirability -.01 .20† .07† .05 -.10† 1
7. Attention -.04 .01 .12† .01 -.07† .20† 1
8. Self-control and self-monitoring -.03 .06 .15† .05 -.08† .25† .55† 1
9. Planning and initiative -.01 -.01 .17† .09† .02 .13† .16† .11† 1
10. Cooperation -.06 .13† .03 .01 -.06 .16† .11† .12† .24† 1
† p < 0.01.
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Moderation
Logistic regression analyses on self-reported cooperation score showed that there were 
no significant interactions between sex and executive function scores (Sex * Attention: 
unstandardized B = -0.09, SE = 0.08, OR = 0.91, Wald (1) = 1.25, p = 0.263; Sex * Self-control 
and self-monitoring: unstandardized B = 0.02, SE = 0.06, OR = 1.02, Wald (1) = 0.09, p = 0.759; 
Sex * Planning and initiative: unstandardized B = -0.02, SE = 0.06, OR = 0.99, Wald (1) = 0.07, 
p = 0.792). This indicates that sex did not moderate the relation between executive functions 
and cooperation.
DISCUSSION
The present study investigated determinants of self-reported cooperation skills in 1630 
adolescents aged 14–15. The results showed that most adolescents considered themselves 
being good at cooperating (61.4%), with only very few (2.9%) indicating they were not good 
at cooperating at all. Girls were more likely than boys to report having good cooperation skills. 
Furthermore, adolescents who reported better executive functioning, especially on the scale 
Planning and initiative, were more likely to report good cooperation skills. 
Moreover, differences in executive functions could not explain the relation between sex and 
cooperation skills. Firstly, the relation between sex and cooperation skills was not mediated 
by executive functions. Secondly, there was no evidence for a moderation effect by sex on the 
relation between executive functions and cooperation skills.
The current study found in a large representative sample of typically developing adolescents 
that girls were more likely than boys to report good cooperation skills. This corresponds with 
Table 5.3 Indirect effects of sex on self-reported cooperation skills
BC 99% CI
Point estimate Lower Upper
Attention -0.004 -0.034 0.006
Self-control and self-monitoring 0.003 -0.012 0.032
Planning and initiative -0.036 -0.105 0.027
Total -0.037 -0.111 0.031
Note. BC 99% CI = Bias corrected 99% confidence interval.
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sex effects found in studies on other prosocial behaviors in adolescents (Fabes et al., 1999). 
Not only adolescents, also parents and teachers rate girls higher in prosocial behavior than 
boys (Scourfield, John, Martin, & McGuffin, 2004). Effects of this sex difference in cooperation 
are visible in schools, where girls are more positive towards cooperative learning than boys 
(Hijzen, Boekaerts, & Vedder, 2006). 
In addition, a positive relation was found between the executive function scale Planning and 
initiative and cooperation skills. There was no relation with the other two scales measuring 
Attention and Self-control and self-monitoring. The SOCIAL model by Beauchamp and Anderson 
(2010) describes that a cognitive function central to social functioning is the attention-executive 
component. Within this attention-executive component, three factors are distinguished: 
attentional control, cognitive flexibility and goal setting (Beauchamp & Anderson, 2010). 
These factors correspond to the scales of the AEFI used to measure executive functions in 
the current study (Van der Elst et al., 2012). It thus appears from the current study that ‘goal 
setting’, which is measured with Planning and initiative, is related to adolescents’ cooperation 
skills. 
Why were Attention and Self-control and self-monitoring unrelated to cooperation skills? An 
explanation could be that attention and self-control are already fully developed at age 14–15, 
while other executive functions such as planning are still developing during adolescence 
(Anderson, 2002; Huizinga et al., 2006). Cooperation skills may, therefore, not be limited by 
attention or self-control, but by other executive functions that have not reached their optimal 
levels yet, such as planning and taking initiative. Another explanation could be that adolescents 
consider someone who is good at cooperation as someone who has good planning skills and 
takes initiative. They may not think of the characteristics related to other executive functions. 
Because this study is based on self-report data, we cannot exclude this possibility. Future studies 
could investigate this explanation by using multiple informants and methods.
Although sex and executive functions were both related to cooperation skills, executive 
functions could not explain sex differences in cooperation skills. We had expected that 
executive functions would explain sex differences in cooperation, given sex differences in 
skills such as planning and self-regulation at school (Coenen et al., 2011; Downey et al., 2005; 
Duckworth & Seligman, 2006; Hyde et al., 2007), and the fact that men and women use different 
strategies in cooperative situations depending on the social context (Balliet et al., 2011). Yet, 
based on the current study, it appears that sex differences in cooperation skills are caused 
by other processes than executive functions. Fabes and colleagues (1999) suggested that sex 
differences in prosocial behavior in adolescence might be caused by gender intensification. 
Gender intensification is the process at the start of adolescence in which boys behave more 
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according to the male gender role, and girls more according to the female gender role. Balliet 
and colleagues (2011) describe that sex differences in cooperation in social dilemmas are 
more visible in a context where gender stereotypes are activated. Thus, future research on 
the mechanism behind sex differences in cooperation may focus on (the development of) 
gender roles and stereotypes.
A possible limitation of the current study is that cooperation was measured with a single-item 
measure. Usually, prosocial skills such as cooperation are measured with multi-item scales, as 
those are commonly considered to result in a more reliable measure of a construct than a single 
item (Gardner, Cummings, Dunham, & Pierce, 1998). However, several studies have shown 
that single items may lead to equally reliable and valid measures of concepts as sum scores of 
multi-item scales (De Boer et al., 2004; Gardner et al., 1998; Littman, White, Satia, Bowen, & 
Kristal, 2006; Wanous et al., 1997). Because the findings with our cooperation measure were 
similar to findings on cooperation skills in other studies (e.g. Hijzen et al., 2006), it is likely 
that our measure had adequate validity. 
Moreover, the current study has several characteristics that may be beneficial to the reliability of 
our outcomes. First, the study has large sample size in a limited age-range in middle adolescence: 
all participants were between 14.25 and 15.25 years old. By restricting the age range, we reduced 
the within-group variance, which may contribute to more reliable outcomes. Second, the current 
study controlled for social desirability bias in answers on the self-report questionnaires. This 
appeared necessary, as social desirability was related to the outcome measures. Although the 
use of a measure of social desirability is acknowledged in some lines of research, especially 
those investigating sensitive topics such as dieting behaviors or physical activity (e.g. Sherar, 
Cumming, Eisenmann, Baxter-Jones, & Malina, 2010; Von Soest & Wichstrøm, 2009), the 
current study implicates that it may be useful to include a measure of social desirability to all 
studies that use self-report measures in adolescents. 
Due to current study’s cross-sectional nature, no conclusions can be drawn on causal relations 
between executive functions and cooperation skills. Nevertheless, the study by Rinsky & 
Hinshaw (2011) suggests that a causal link exists between executive functions and prosocial 
skills, with executive functions in childhood being related to prosocial skills in adolescence. It 
would be interesting to investigate the effects of an intervention aimed at improving cooperation 
skills by training executive functions. This would lead to more insight in causal relationships 
between executive functions and cooperation skills, and may at the same time be a great help 
for adolescents with poor cooperation skills.
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ABSTRACT 
Breakfast skipping is common in adolescents, but research on the effects of breakfast 
skipping on school performance is scarce. This current cross-sectional survey study 
of 605 adolescents aged 11–18 years investigated whether adolescents who habitually 
skip breakfast have lower end of term grades than adolescents who eat breakfast daily. 
Additionally, the roles of sleep behavior, namely chronotype, and attention were explored. 
Results showed that breakfast skippers performed lower at school than breakfast eaters. 
The findings were similar for younger and older adolescents, and for boys and girls. 
Adolescents with an evening chronotype were more likely to skip breakfast, but chronotype 
was unrelated to school performance. Furthermore, attention problems partially mediated 
the relation between breakfast skipping and school performance. This large-scale study 
emphasizes the importance of breakfast as a determinant for school performance. The 
results give reason to investigate the mechanisms underlying the relation between skipping 
breakfast, attention and school performance in more detail. 
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INTRODUCTION 
Proper nutrition is commonly believed to be important for school performance; it is considered 
to be an essential prerequisite for the potential to learn in children (Taras, 2005). In the western 
world, where most school-aged children are well nourished, emphasis is placed on eating 
breakfast for optimal school performance. Eating breakfast might be particularly important 
during adolescence. Adolescents have high nutritional needs, due to brain development processes 
and physical growth, while at the same time they have the highest rate of breakfast skipping 
among school-aged children (Hoyland, Dye, & Lawton, 2009; Rampersaud, 2009). However, not 
much is known about the effects of breakfast skipping on their school performance. Reviews 
indicate that only few studies have investigated the relationship between breakfast skipping and 
school performance in adolescents (Ells et al., 2008; Hoyland et al., 2009; Rampersaud, 2009; 
Taras, 2005). Therefore, the current study investigated the relation between habitual breakfast 
consumption and school performance in adolescents attending secondary school (age range 
11–18 years). In addition, we explored two potentially important mechanisms underlying this 
relationship by investigating the roles of sleep behavior and attention.
Depending on the definition of breakfast skipping, 10–30% of the adolescents (age range 11–18 
years) can be classified as breakfast skippers (Rampersaud, Pereira, Girard, Adams, & Metzl, 
2005). Adolescent breakfast skippers are more often girls and more often have a lower level of 
education (Keski-Rahkonen, Kaprio, Rissanen, Virkkunen, & Rose, 2003; Rampersaud et al., 
2005; Shaw, 1998). Adolescent breakfast skippers are characterized by an unhealthy lifestyle, 
with behaviors such as smoking, irregular exercise, alcohol and drug use. They make more 
unhealthy food choices and have a higher Body Mass Index (BMI) than breakfast eaters. 
Furthermore, they show more disinhibited behavior (Keski-Rahkonen et al., 2003; Rampersaud 
et al., 2005). Reasons adolescents give for skipping breakfast are that they are not hungry or do 
not have enough time (Shaw, 1998), although dieting seems to play a role as well (Rampersaud 
et al., 2005; Shaw, 1998).
Experimental studies have investigated the relationship between breakfast skipping and 
cognitive functioning, which is assumed to underlie school performance. Breakfast skipping in 
children and adolescents appeared to affect memory and attention, especially toward the end of 
the morning (Ells et al., 2008; Hoyland et al., 2009; Rampersaud et al., 2005). For example, in an 
experimental study with a crossover design, boarding school students aged 13–20 were either 
given breakfast or not given breakfast. Skipping breakfast had an adverse effect on mood and 
short-term memory. In boys it mostly affected visuo-spatial memory, in girls verbal memory. 
All participants felt less alert after skipping breakfast; boys also had a less positive mood 
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(Widenhorn-Müller, Hille, Klenk, & Weiland, 2008). While these experimental studies point to 
negative consequences of breakfast skipping, they only investigated short-term effects and did 
not measure school performance directly (Taras, 2005). Moreover, they often did not control 
for habitual breakfast consumption, which may be an important confounder in studies where 
a standard breakfast condition is compared with a no-breakfast condition (Ells et al., 2008).
Survey studies can be used to investigate the long-term effects of habitual breakfast skipping on 
school performance. Edwards, Mauch, and Winkelman (2011) found that breakfast skipping 
was associated with lower math scores, but that it had no relationship with reading performance 
in 800 sixth grade students. Hoyland and colleagues (2009) systematically reviewed survey 
studies on habitual breakfast skipping and school performance in well-nourished children 
and adolescents. They found only four studies focusing specifically on adolescent breakfast 
behavior (Fernández, Aguilar, Mateos, & Martínez, 2008; Herrero & Fillat, 2006; Lien, 2007; 
López-Sobaler, Ortega, Quintas, Navia, & Requejo, 2003). López-Sobaler and colleagues (2003) 
investigated a sample of 180 students aged 9 to 13 years, who recorded their eating habits for 
one week and made a scholastic aptitude test. Results showed that students who ate adequate 
breakfast scored better on reasoning. Herrero and Fillat (2006) investigated the relation between 
breakfast quality and average school grade in 140 students aged 12–13. Students indicated on 
a questionnaire what they had eaten for breakfast the day before. The study showed that poor 
breakfast quality was related to poor grades. Fernández and colleagues (2008) studied 467 
adolescents between 12–17 years and related their one-week eating habits to school grades. 
It appeared that mean school grade was related to breakfast consumption, although results 
varied for the different school subjects. Lien (2007) studied 7343 15–16 year old adolescents, 
who answered a question on their habitual breakfast habits. Breakfast skipping appeared to be 
related to lower self-reported school grades. Thus, all these studies concluded that breakfast 
skipping was negatively related to school performance. This effect seemed to be even stronger 
in the case of boys than in the case of girls (Lien, 2007). 
As Hoyland and colleagues (2009) already indicated, the four studies in their review were 
difficult to compare. All studies used different measures to investigate breakfast skipping and 
school performance, three of the studies were conducted in Spain and one was sponsored by 
the food industry. Moreover, the main obstacle encountered was that not all studies took the 
same background variables into account (Hoyland et al., 2009). The results may be confounded 
by factors such as socio-economic status, IQ, age, and nutritional status (Rampersaud, 2009). 
Therefore, the first aim of the current cross-sectional survey study was to investigate the 
relationship between habitual breakfast skipping and educational outcomes in adolescents aged 
11–18, while controlling for potential confounders, such as age, sex, educational track followed 
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by the adolescent, level of parental education (LPE), and repeating or skipping a grade. The 
adolescents who participated were recruited from the two most advanced educational tracks in 
the Dutch education system. Approximately 40% of all students in Dutch secondary education 
study at these levels (Ministry of Education, Culture and Science, 2009). Breakfast skipping was 
defined as ‘not eating breakfast every school day’. Educational outcomes were measured with 
end of term grades. It was hypothesized that adolescents who regularly skip breakfast perform 
lower at school.  
 We expected the relation between breakfast and performance to be different for younger and 
older adolescents. Our expectations are based upon neuroanatomical studies, which have found 
that young, middle and late adolescents differ in brain maturation (e.g. Giedd, 2008; Gogtay et 
al., 2004). In addition, the brains of younger and older adolescents vary in glucose metabolism 
(Chugani, 1998). Chugani (1998) showed that the brains of children and young adolescents 
need more glucose than the brains of 16–18 years olds. The brains of the latter group almost 
resemble adults’ brains. Although this was not addressed directly in the current study, it has 
been suggested that blood glucose or its correlates are part of the biological mechanisms through 
which breakfast influences performance (Hoyland et al., 2009; Rampersaud, 2009). Besides 
a relation with age, we expected to identify sex differences, as previous studies have shown 
that effects of breakfast skipping on performance differ between boys and girls (Lien, 2007; 
Widenhorn-Müller et al., 2008). We also controlled for educational track followed by adolescents 
and LPE (Lien, 2007; Rampersaud, 2009). LPE can be seen as a proxy for the intellectual milieu 
in which the child grows up. LPE is often used as an estimator of socioeconomic status (e.g., 
Kalff et al., 2001), which is related to both breakfast behavior and school performance (Keski-
Rahkonen et al., 2003; Rampersaud, 2009). Finally, students who repeated or skipped a grade 
were excluded from the analyses to control for their different educational careers. 
The second aim of the current study was to investigate two mechanisms that may explain 
the relation between breakfast skipping and school performance. The first one concerned 
the change in sleep behavior, a shift in circadian rhythm, which takes place in adolescence. 
Previous studies on the relationship between breakfast skipping and school performance have 
overlooked this important potential confounder (Hoyland et al., 2009; Rampersaud, 2009). 
Because of the change in circadian rhythm, adolescents go to bed later and want to get up later, 
which means that they shift more towards the evening chronotype (Carskadon, Acebo & Jenni, 
2004; Roenneberg et al., 2004). This may affect breakfast consumption, because adolescents 
who go to bed later and want to get up later may not have enough time or be hungry enough 
to eat breakfast (Alexy, Wicher, & Kersting, 2010; Keski-Rahkonen, Viken, Kaprio, Rissanen, 
& Rose, 2004). Moreover, school performance is affected by lack of sleep, poor sleep quality, 
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and sleepiness (Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010). Thus, the negative relation 
between breakfast skipping and school performance could be due to chronotype. Therefore, 
we investigated the role of chronotype in the relation between breakfast skipping and school 
performance.
Secondly, we considered a neuropsychological explanation for the relation between breakfast 
skipping and school performance. Hoyland and colleagues (2009) suggested that breakfast 
skipping might lead to reduced attention, which in turn leads to a decrease in school 
performance. This is in line with results of experimental studies that showed that attention is 
affected by breakfast skipping (Hoyland et al., 2009; Wesnes, Pincock, Richardson, Helm, & 
Hails, 2003). Thus, we also investigated whether attention mediates the relationship between 
breakfast skipping and school performance.
METHOD
Participants 
Participants were students from four secondary schools in the south of The Netherlands. They 
were in grade 7 to 12. All students were following one of the two advanced educational tracks 
in Dutch secondary education: the higher general secondary educational level and the more 
difficult preuniversity educational level. Participants were excluded if they had repeated or 
skipped a grade after kindergarten, or if they were in a class with students from both the higher 
general secondary educational level and the preuniversity educational level. Participants were also 
excluded if data on breakfast consumption, school grades or background variables were missing.
Participation was voluntary. Participants and their parents gave permission for participation 
by active informed consent. The research protocol was approved by the Ethical Committee of 
VU University Amsterdam. 
Procedure
The study had a cross-sectional design and was part of a large research project including 
multiple research questions. Students were informed about the research project with the help 
of letters that were distributed by the researchers at the schools. Approximately 2000 students 
received a letter, 38% of whom indicated a week later that they were willing to participate. 
Parents of participating students submitted a completed questionnaire on demographics and 
the development and behavior of their child. Participating students filled in the questionnaires 
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in the classroom, supervised by two trained psychologists, while non-participating students 
silently worked on an assignment given by the teacher. All questionnaires and tests in the 
research project took approximately 40 minutes to complete. The questions for this study took 
approximately 5 minutes. All forms were checked following completion, and in case of missing 
values, participants were asked to complete the items.
Measures
Breakfast consumption
Breakfast consumption was measured with the question: Of the 5 school days in a week, how 
many days do you eat breakfast? Answers could range from 0 to 5 days. The literature gives 
multiple definitions of breakfast eaters and breakfast skippers (Rampersaud et al., 2005). We 
defined breakfast eaters as adolescents who always eat breakfast (score: 5 days). Adolescents 
who do not eat breakfast every school day were considered breakfast skippers (score: 0 to 4 
days; in the current sample: M = 2.30, SD = 1.40). Within the group of breakfast skippers, 
subgroups based on frequency of breakfast skipping did not differ from each other on any of 
the characteristics mentioned in Table 6.1 (p-values were between 0.10–0.57).
Table 6.1 Characteristics of breakfast skippers versus breakfast eaters
Characteristics Breakfast 
skippers 
(n = 100)
Breakfast 
eaters
(n = 505)
Test statistica Significance
Age M (SD) 15.07 (1.47) 14.76 (1.66) F(1, 603) = 2.99 p = .084
Sex X2(1) = 2.36 p = .124
Male 37.0% 45.3%
Female 63.0% 54.7%
Educational track X2(1) = 0.04 p = .849
Higher general secondary education 44.0% 43.0%
Preuniversity education 56.0% 57.0%
LPE X2(1) = 3.12 p = .077
Low-medium 41.0% 31.9%
High 59.0% 68.1%
MSFSC M (SD) in hh:mm 04:13 (00:56) 03:50 (00:43) F(1, 564) = 19.98 p < .001
YSR scale: Attention Problems M (SD) 5.97 (3.16) 4.85 (3.27) F(1, 603) = 9.90 p = .002
Standardized mean school grade M (SD) -0.32 (1.04) 0.06 (0.98) F(1, 603) = 12.57 p < .001
Note. LPE = level of parental education; MSFsc = midpoint of sleep on free days corrected for sleep debt; YSR 
= Youth Self-Report. a Differences between breakfast skippers and breakfast eaters were tested with one-way 
ANOVAs and X2 tests.
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Demographics
Participants reported age, sex and educational track. Parents reported both parents’ educational 
level. Level of parental education (LPE) was defined as the highest education of the two. LPE 
was low-medium if the parents had at most a junior vocational educational level and high if 
they had a senior vocational or academic educational level (Kalff et al., 2001).
Chronotype
Chronotype is the natural preference for activity in the morning or evening (morningness/
eveningness) and can be considered a continuum (Beşoluk, Ö nder, & Deveci, 2011; 
Roenneberg et al., 2004). Commonly, chronotype is quantified by the midpoint of sleep on 
free days (MSF), as described by Roenneberg and colleagues (2004). This method is based 
on the assumption that on weekend days (days without obligations), the midpoint of sleep is 
later in evening chronotypes than morning chronotypes. Yet, adolescents commonly oversleep 
on weekends to compensate for sleep debt that has accumulated during the schooldays. 
Therefore, the midpoint of sleep on free days (MSF) should be corrected for sleep debt (MSFSC) 
(Roenneberg et al., 2004). In our study, we used MSFSC as an estimation of chronotype. 
MSFSC was calculated with the formula described by Roenneberg and colleagues (2004) (see 
Table 6.2). Parent reports of adolescents’ sleep behavior were used in our calculations. As it 
is difficult for parents to indicate the exact sleep onset and wake times of their children, we 
used bed and rise times instead. Bed and rise times have been used more often to calculate 
chronotype (e.g. Beşoluk, et al., 2011; Fleig & Randler, 2009). Bed and rise times were acquired 
by asking parents the following questions for both school days and weekends/holidays: What 
time does your child usually go to bed? What time does your child usually wake up? Answers 
were in hours and minutes. 
Table 6.2 Calculation of midpoint of sleep on free days corrected for sleep debt, subtracted 
from Roenneberg et al. (2004)
Formula: MSFSC = MSF - 0.5*(SDF - (5*SDW + 2*SDF)/7)
In which: MSFSC = Midpoint of sleep on free days, corrected for sleep debt
MSF = Midpoint of sleep on free days
SDF = Sleep duration on free days
SDW = Sleep duration on work days
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Attention
Attention was measured with the Attention Problems scale from the Dutch version of the 
Youth Self-Report (YSR) (Achenbach & Rescorla, 2001; Verhulst, Van der Ende, & Koot, 1997). 
The YSR has been validated for adolescents aged 11 to 18 years. The Attention Problems scale 
of the YSR consists of nine items that describe attention problems that may be experienced 
in daily life, e.g., I am not paying attention or I am easily distracted. Answers were given on 
a three point scale, 0 = not true, 1 = somewhat or sometimes true and 2 = very true or often 
true. The total score was computed by adding up scores of all items. A higher score indicates 
more self-reported attention problems. Cronbach’s alpha of the attention scale was .75 in the 
current sample. 
School performance
End of term grades of the school year in which the study was carried out (ranging from 1.0 
– very bad – to 10.0 – outstanding), were acquired from the schools’ administration, for both 
participants and their classmates. School performance was measured with the arithmetic mean 
of the subjects Dutch, mathematics and English as a foreign language. These are the first three 
main goals of secondary education in The Netherlands (Ministry of Education, Culture and 
Science, 2006), and are valid estimators of school performance (Reed, Ouwehand, Van der Elst, 
Boschloo, & Jolles, 2010). Because the schools in the sample used different grading policies, 
we assumed that the grades would not be comparable. Therefore, each school’s grades were 
transformed into z-scores based on the school’s mean grade and its standard deviation. In this way, 
the distribution of scores was similar for each school. Thus, school performance was measured 
with the standardized mean grade for Dutch, mathematics and English as a foreign language. 
Analyses
All analyses were performed with PASW 18.0 for Mac. To investigate the relationship between 
breakfast consumption and school performance, a hierarchical multiple regression analysis was 
performed with standardized mean grades as outcome measure. The first block consisted of 
the background variables age, sex, educational track and LPE; in the second block breakfast 
consumption was added; and in the third block age*breakfast consumption and sex*breakfast 
consumption were added. To avoid multicollinearity, breakfast consumption, age, and sex 
were centered around zero before their interaction effects were computed (Rose, Holmbeck, 
Coakley and Franks, 2004). 
Mediation by attention was examined using methods described in Baron and Kenny (1986). 
According to these methods, the following four requirements have to be met to indicate 
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mediation in our model: there should be significant relationships 1) between breakfast 
consumption and school performance; 2) between breakfast consumption and attention; 3) 
between attention and school performance, while controlling for breakfast consumption; 
and 4) the relation between breakfast consumption and school performance should decrease 
while controlling for attention. The Sobel test can then be used to investigate the significance 
of the mediation (Baron & Kenny, 1986). Relationship 1) was already investigated in the first 
analysis for the primary research question. Relationship 2) was investigated with a multiple 
regression analysis with breakfast consumption as predictor and attention as outcome measure. 
Relationships 3) and 4) were investigated in one analysis, with school performance as outcome 
measure and breakfast consumption and attention as predictors (Baron & Kenny, 1986). To 
investigate the possible confounding effect of chronotype, the same analyses were performed 
with chronotype instead of attention, because confounding and mediation are statistically – 
but not theoretically – similar (MacKinnon, Krull, & Lockwood, 2000). In all these regression 
analyses, the first block consisted of the background variables age, sex, educational track and 
LPE. 
RESULTS
A total of 786 adolescents participated in the study. Of these, 104 were excluded because they 
had repeated or skipped a grade. 38 adolescents were excluded because they were in a class 
with students from both higher general secondary education level and preuniversity education 
level, and 39 adolescents were excluded because of missing data on breakfast consumption, 
school grades or LPE. The final sample consisted of 605 adolescents, 44% boys and 56% girls, 
aged 11.75 to 18.63 years (M = 14.81, SD = 1.64), of whom 98.0% had the Dutch nationality. 
LPE was low-medium in 33.4% and high in 66.6% of the participants. Missing responses to 
items on the YSR were replaced with the average score of the scale for that individual. In total, 
five responses were missing, never more than one for an individual participant (Tabachnick & 
Fidell, 2007). When MSFSC could not be calculated due to missing bed or rise times, the case 
was deleted from the analyses with this variable (n = 39). Thus, all analyses were conducted 
with N = 605, except for those concerning chronotype, in which case N = 566. 
The standardized mean grades of students in the sample were compared with their classmates’ 
grades. Results from a GLM analysis with the independent variables participation, educational 
track and grade showed a significant difference (standardized mean grade participants: M = 
0.14, SD = 1.02; standardized mean grade classmates not in sample: M = -0.07, SD = 0.98; F(1, 
1665) = 11.33, p = 0.001). However, due to the very small effect size (partial η2 = 0.007), and 
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the very large N for this analysis (N = 1676), it was assumed that the sample was comparable 
to their classmates with respect to school grades. 
Breakfast skipping
Of the adolescents in the sample, 2.5% skipped breakfast on all school days and 14.0% skipped 
breakfast on some, but not all days of the school week. This means that – according to our 
definition – 16.5% of the adolescents in the sample were considered breakfast skippers, which 
makes the other 83.5% breakfast eaters. Table 6.1 shows characteristics of breakfast skippers 
and breakfast eaters. They were similar with regard to all characteristics, except chronotype, 
attention and school performance.
Relationship between breakfast skipping and school performance
Table 6.3 shows correlations between the background variables, breakfast consumption and 
outcome measures. School performance was related to all variables, except age and MSFSC. 
Table 6.4 shows the final model of the multiple regression analyses with school performance 
as outcome measure. Step 1 – with the background variables age, sex, educational track, and 
LPE – explained 12% of the variance. Sex and educational track were both strongly related to 
school performance. The direction of the regression coefficients indicated that being a girl and 
going to preuniversity educational level was associated with higher school grades. The effect of 
LPE approached significance, with high LPE being associated with higher school grades. Step 
Table 6.3 Zero-order correlations between main variables
1 2 3 4 5 6 7 8
1. Age  _
2. Sex  .06 _
3. Educational track  .11** -.01 _
4. LPE -.10* -.01  .17** _
5. Breakfast consumption -.07 -.06  .01  .07 _
6. Attention problems  .11** -.01 -.06 -.07 -.13** _
7. MSFSC  .53**  .02  .08 -.05 -.19**  .18** _
8. School performance -.01  .14**  .30**  .13**  .14** -.23** -.06 _
Note. LPE = level of parental education. MSFsc = midpoint of sleep on free days corrected for sleep debt. 
* p < .05, ** p < .01.
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2 shows a significant main effect of breakfast consumption: Breakfast skipping was associated 
with lower school performance. The ß indicates that the grades of breakfast skippers were 
0.15 standard deviation lower than the grades of breakfast eaters. Converted to school grades 
and taking into consideration that the standard deviation of school grades varied between 
schools (SD = 0.68–0.87), the school grades of breakfast skippers were at least 0.1 point lower 
than the school grades of breakfast eaters. This is a meaningful difference, as school grades in 
Dutch schools are calculated with one decimal. Adding the interaction effects age*breakfast 
consumption and sex*breakfast consumption to the model in Step 3 did not further increase 
the predictive value (ΔR2(Step 3 – Step 2) = .00), as both effects were not significant.
Thus, our study clearly indicated that breakfast skipping and school performance are related: 
adolescents who skip breakfast had lower grades than breakfast eaters. This relation was 
similar for younger and older adolescents, and did not depend on sex. Still, girls achieved 
higher grades than boys. 
Table 6.4 The final regression model with school performance as outcome measure
Variable ß Significance
Step 1
Age -.04 p = .303
Sex  .14 p < .001
Educational track  .29 p < .001
LPE  .08 p = .056
Step 2
Age -.03 p = .415
Sex  .15 p < .001
Educational track  .29 p < .001
LPE  .07 p = .090
Breakfast consumption  .14 p < .001
Step 3
Age -.07 p = .247
Sex .18 p = .001
Educational track .29 p < .001
LPE .07 p = .092
Breakfast consumption .15 p < .001
Age*Breakfast consumption .05 p = .411
Sex*Breakfast consumption -.04 p = .490
Note. LPE = level of parental education. R2 = .12 for Step 1, R2 = .14 for Step 2, R2 = .14 for Step 3.
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The role of sleep
Our study also showed that breakfast consumption and MSFSC were related: breakfast skippers 
were more often evening chronotypes (R2 = .30; breakfast consumption: B = -1145.49, SE(B) 
= 264.99, ß = -.15; p < .001). However, there was no relation between MSFSC and school 
performance (R2 = .13; MSFSC: B = 0.00; SE(B) = 0.00; ß = -.06; p = ns). Thus, chronotype was not 
a confounder, because it was related to breakfast consumption, but not to school performance. 
The role of attention
Breakfast consumption was related to self-reported attention problems: breakfast skippers 
reported more attention problems than breakfast eaters (R2 = .03; breakfast consumption: B 
= -1.04; SE(B) = .36; ß = -.12, p = .004). Self-reported attention problems were also related to 
school performance (corrected for breakfast consumption) (R2 = .17; attention problems: B 
= -.06; SE(B) = .01; ß = -.19; p < .001). In addition, the effect of breakfast skipping on school 
performance significantly decreased when it was corrected for attention problems (Δß = 
.15 – .12 = .03). This means that attention partially mediated the relation between breakfast 
skipping and school performance. The Sobel test showed that this mediation was significant 
(Sobel test-statistic = 2.481; SE = 0.02; p = 0.013).
DISCUSSION
The current cross-sectional study of adolescents aged 11–18 showed that habitual breakfast 
skipping and school performance are related: breakfast skippers performed lower at school 
compared with breakfast eaters. The advantages of the current study were that – contrary to 
previous studies – findings were systematically controlled for age, sex, educational track and 
LPE. Moreover, the results have high ecological validity, first of all because habitual breakfast 
skipping was investigated instead of breakfast skipping on one single day or during one 
particular week, and secondly because school performance was measured with end of term 
school grades instead of standardized tests. Results of previous studies are in line with our 
findings (Edwards et al., 2011; Hoyland et al., 2009; Rampersaud et al., 2005). Those studies 
also found evidence for a negative relation between breakfast skipping and school performance 
in both adolescents and children.
No relationship with age was found, indicating that breakfast skipping had a similar relation to 
performance in younger and older adolescents. Although the glucose metabolism in the brain 
differs in early versus late adolescence (Chugani, 1998), direct effects of age on the relation 
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between breakfast consumption and performance have not yet been shown (Hoyland et al., 
2009). Possibly, age may be confounded by individual differences in brain development. This 
should be investigated in future research. We also found no sex differences in the relationship 
between breakfast skipping and performance. However, a previous study by Lien (2007) did find 
sex differences: breakfast skipping in boys aged 15–16 was more strongly negatively related to 
performance than breakfast skipping in girls in this age group. The present study investigated 
a more homogeneous sample, consisting of adolescents from two advanced educational 
tracks. In this way, more external factors were controlled for. The present study also covered 
a broader age range (11–18 years). Thus, the discrepancy between the studies may be due to 
sample differences.
The research questions regarding chronotype and attention have led to several new insights. 
Chronotype was related to breakfast skipping: adolescents with an evening chronotype were 
more prone to skip breakfast. A possible explanation is that adolescents with an evening 
chronotype want to sleep longer or are not yet hungry in the early morning (Alexy et al., 2010; 
Keski-Rahkonen et al., 2004). Unexpectedly, chronotype was unrelated to school performance. 
We had expected to find this relationship, since adolescents with an evening chronotype 
do not get enough sleep during the week (Crowley, Acebo & Carskadon, 2007). Short sleep 
duration has been shown to have a negative relation with school performance, according to 
a meta-analysis by Dewald and colleagues (2010). However, based on the current study, it 
seems that the relation between breakfast skipping and school performance is stronger than 
the relation between lack of sleep and school performance. This stresses the importance 
of breakfast for school performance. Future research should further investigate the causal 
mechanisms between these variables, using objective sleep measures in addition to the more 
subjective measures as used in the current study. Still, these results suggest that studies on 
sleep and school performance could benefit from the inclusion of breakfast skipping as a 
confounder. 
In the present study, self-reported attention problems partially mediated the relation between 
breakfast skipping and school performance. This is in line with the hypothesis of Hoyland 
and colleagues (2009), which states that breakfast skipping leads to reduced attention, which 
then affects performance. It is also in accordance with experimental studies, showing that 
breakfast consumption was related to feelings of alertness (Widenhorn-Müller et al., 2008) 
and performance on attention tests (Wesnes et al., 2003). However, the present study had a 
cross-sectional design, from which conclusions about causal mechanisms cannot be drawn. 
To understand the direction of the effect, longitudinal and/or experimental studies need to 
be conducted, preferably using both self-reported attention measures and objective attention 
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tests. Still, this is, to our knowledge, the first study of habitual breakfast behavior and school 
performance to establish such a relationship. In addition, future research could investigate other 
potential mediators, such as memory and executive functions, to identify the exact mechanisms 
which link breakfast skipping to school performance.
The current study used a homogeneous study sample to better control for education level by only 
including students from the two highest tracks of Dutch secondary education. Interestingly, a 
relationship between breakfast skipping and school performance was still found in this sample, 
although breakfast skipping is less common in this group than in the prevocational education 
track (Raaijmakers, Bessems, Kremers, & Van Assema, 2010), in which approximately 60% of all 
students in The Netherlands are placed (Ministry of Education, Culture and Science, 2009). It is 
therefore likely that the relationship may be even stronger in students in prevocational education, 
which would be interesting to investigate in further studies. Furthermore, the definition of 
breakfast skipping we used was based on the adolescents’ own interpretation of the word 
‘breakfast’. Rampersaud (2009) noted that this could lead to differences in interpretation, which 
may be a confounder within and between studies. Besides that, we only measured breakfast 
frequency on schooldays. We did not address breakfast frequency in weekends, nor what and 
how much was consumed. More accurate measurements and more detailed conclusions could 
be reached, by taking these factors into account in further research. 
To conclude, the present study shows that breakfast skipping and school performance are 
related and that the relation is partially mediated by attention. Breakfast thus seems to be 
important for school performance, although we cannot draw causal conclusions from the 
current study. Rampersaud (2009) stated that there are no signs that breakfast consumption 
is disadvantageous to students. Therefore, it would be sensible to inform adolescents, parents 
and teachers about the importance of breakfast as a part of psycho-education and other health 
interventions. 
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ABSTRACT 
This study investigated whether the relation between sleep and school performance in 
adolescence depends on the school performance measure used. Three subjective measures 
of sleep (sleepiness, sleep quality and sleep duration) were compared in relation to three 
measures of school performance: objective school grades, self-reported school performance, 
and parent-reported school performance. Data from 561 adolescents aged 11–18 showed 
that self- and parent-reported school performance correlated moderately with school 
grades. Sleepiness predicted school grades and self-reported school performance. Sleep 
quality predicted parent-reported school performance. Thus, research on sleep and school 
performance should take into account that findings depend on the school performance 
measure used. 
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INTRODUCTION 
At the start of adolescence, major changes in sleep behavior take place. Young adolescents go 
to bed later than children, primarily due to a biologically driven shift in circadian rhythm. 
Concurrently, sleep behavior is influenced by school start times, an external influence that 
forces adolescents to wake up early on school days. The combination of late bedtimes and 
early rise times leads to the buildup of sleep debt during the school week (Crowley, Acebo, & 
Carskadon, 2007). 
These changes in sleep behavior may negatively affect school performance, as shown in a 
recent meta-analysis by Dewald, Meijer, Oort, Kerkhof, and Bögels (2010). Sleepiness had the 
strongest relationship with school performance, followed by sleep quality and sleep duration. 
However, the authors remark that it is unclear whether the relationship between these sleep 
measures and school performance depends on the indicator of school performance used. The 
use of objective school performance measures, such as school grades, may lead to different 
results than the use of self- or parent-reported school performance measures. This obscures 
our current understanding of relations between sleep duration, sleepiness and sleep quality 
and their respective effects on performance (Dewald et al., 2010). The present study therefore 
investigated how subjective measures of sleepiness, sleep quality and sleep duration relate to 
objective, self-, and parent-reported measures of school performance, respectively. 
The major advantages of school grades as an objective measure of school performance are 
their high ecological validity and their reliability due to multiple measurements (Wolfson et 
al., 2003). However, it is often more practical and cost-effective for sleep researchers to collect 
data on school performance with a short questionnaire for adolescents or parents. Different 
types of self-report and parent-report questions have been used to measure school performance. 
Some studies used self-reported grade point average (GPA) (Eliasson, Eliasson, King, Gould, 
& Eliasson, 2002), while others asked students to indicate the level of their grades with answer 
options such as ‘mostly A’s and B’s’ (Warner, Murray, & Meyer, 2008), or with a five-point scale 
from ‘far below average’ to ‘far above average’ (Maguin & Loeber, 1996).
A meta-analysis showed that self-reported grades differ only slightly from grades delivered 
by school administrations (Kuncel, Credé, & Thomas, 2005). When school performance is 
measured with a more global self-report measure such as a five-point scale, it becomes more 
likely that the estimation is influenced by factors such as self-esteem or peer comparison. 
Or, in the case of parent-reports, by how much information parents have about their child’s 
performance. The influence of these factors is not random: both adolescents and their parents 
tend to overestimate school performance (Kuncel et al., 2005; Maguin & Loeber, 1996).
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Although self-reported and parent-reported school performance are not the same as school 
grades, they may theoretically have better construct validity than school grades (Kuncel et al., 
2005). In some instances, a salient variable is more strongly related to self-reported school 
performance than to school grades. For example, Huang, Goran, and Spruijt-Metz (2006) found 
that measures of obesity were related to self-reported school performance, but not to GPA. 
No studies have yet compared the relationship between sleep variables and different measures 
of school performance. Therefore, the present study compared the relationship between sleep 
and the following measures of school performance: self-reported school performance, parent-
reported school performance and end-of-term school grades acquired through the schools’ 
administrations. We hypothesized that sleepiness, sleep quality and sleep duration would 
explain school performance, with sleepiness showing the largest effect size, followed by sleep 
quality and sleep duration. We further hypothesized that the relation between sleep variables 
and self- or parent-reported school performance would be different from the relation between 
sleep variables and school grades.  
METHODS
Participants 
In total, 561 adolescents participated, 243 boys and 318 girls (age M = 14.86 years, SD = 1.63, 
range = 11.83–18.95). They were in grade 7 to 12 of four secondary schools in the south of 
The Netherlands. All students followed one of the two advanced educational tracks in Dutch 
secondary education: higher general secondary education (42.8%) and the more difficult 
preuniversity education (57.2%). Approximately 40% of all students in Dutch secondary 
education are in these two tracks (Ministry of Education, Culture and Science, 2009). Level 
of parental education (LPE), the highest education level of the two parents, was low-medium 
in 34.0% (at most a junior vocational education) and high in 66.0% (a senior vocational or 
academic education). Adolescents were excluded if they had repeated or skipped a grade after 
kindergarten (n = 89), or when data on sleep behavior or school performance were missing 
(n = 97).
Participation was voluntary. Participants and their parents gave permission for participation. 
The Ethical Committee of VU University Amsterdam approved the research protocol. 
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Procedure
The study had a cross-sectional design, and was part of a larger research project including 
multiple research questions. Approximately 2000 students received an information letter 
about the project, of whom 38% were willing to participate. Parents of participants returned 
a completed questionnaire on demographics and their child’s development and behavior. 
Participants filled in the questionnaires in the classroom, which took approximately 40 minutes. 
The questions for this study took approximately 5 minutes. 
Measures
Sleep
Sleepiness was measured by putting the following proposition to the adolescents: I feel sleepy 
during the first hours at school. Sleep quality was measured with a sum score based on four 
questions, which refer to distinct processes affecting sleep quality: 1. I regularly have trouble 
falling asleep. 2. I often wake up at night and have trouble falling asleep again. 3. I often wake up 
early and have trouble falling asleep again. 4. I have trouble waking up in the morning. When 
the alarm clock rings, I have trouble getting up. Answers were given on a five-point Likert scale 
ranging from totally agree (5 points) to totally disagree (1 point). Sleep duration was measured 
by asking parents the following questions, both for school days and weekends/holidays: What 
time does your child usually go to bed? What time does your child usually wake up? Answers 
were in hours and minutes. Based on these bed and rise times, two sleep duration measures 
were calculated: time in bed (TIB) school days and TIB non-school days. 
School performance
Objective school performance was measured with end of term grades (ranging from 1.0 – very 
bad – to 10.0 – outstanding) of the school year in which the study was carried out. The grades 
were acquired through the schools’ administration. School performance was measured with the 
mean of the subjects Dutch (native language), mathematics, and English as a foreign language 
(Reed, Ouwehand, Van der Elst, Boschloo, & Jolles, 2010). Because the schools in the sample 
used different grading policies, we assumed that the grades would not be comparable. Therefore, 
each school’s grades were transformed into z-scores based on the schools’ mean grade and 
standard deviation. Thus, academic performance was measured with the standardized mean 
grade for Dutch, mathematics, and English. 
School performance in adolescents
112
Self-reported subjective school performance was measured by asking adolescents the question: 
How do you perform at school, compared to your classmates? Parents answered this question 
about their child. Three answer options were given: ‘insufficient’, ‘average’ and ‘above average’. 
Analyses
To investigate the relationship between measures of sleepiness, sleep quality, sleep duration, and 
objective school performance, a hierarchical multiple regression analysis was performed with 
standardized mean grades as outcome measure. The first block consisted of the background 
variables age, sex, educational track, and LPE; in the second block the sleep measures were 
added. Similar logistic regression analyses were performed with dichotomized self-reported and 
parent-reported school performance. To dichotomize the scores, the ‘insufficient’ category was 
dropped, because it contained less than 5.0% of the total sample. Thus, n = 537 in the logistic 
regression analyses with dichotomized scores consisting of the answers ‘average’ versus ‘above 
average’. In all other analyses, n = 561.  
RESULTS
Table 7.1 shows descriptive statistics of sleep and school performance measures. Self-reported 
school performance and parent-reported school performance correlated highly (r = .66), and 
had good agreement, with kappa = .65. Both scores were r = .50 correlated to school grades, 
Table 7.1 Descriptive statistics of sleep and school performance
Variables
Sleepiness M (SD)                                          2.38 (1.13)
Sleep quality M (SD) 9.34 (3.01)
TIB school days (hh:mm) M (SD) 9:03 (00:40)
TIB non-school days (hh:mm) M (SD) 10:25 (01:01)
Standardized school grades M (SD) 0.00 (1.00)
Self-reported school performance
Insufficient 4.3%
Average 57.4%
Above average 38.3%
Parent-reported school performance
Insufficient 4.3%
Average 53.5%
Above average 42.2%
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with an intraclass correlation coefficient (ICC) = .38 for self-reported scores and ICC = .40 for 
parent-reported scores. These are moderate effects, and similar for adolescents and parents, 
which indicate that adolescents and parents are equally good at estimating school performance. 
Table 7.2 shows results of linear and logistic regression analyses. Significant predictors differed 
for the three school performance measures. School grades were predicted by sex, education 
track, LPE and sleepiness. This means that girls, students from preuniversity education, and 
students with highly educated parents achieved the highest school grades. In addition, sleepy 
students achieved lower grades than their peers. Sleep quality and sleep duration were not 
related to school grades. 
Self-reported school performance was significantly related to sleepiness only, with sleepy 
students reporting lower performance than their peers. None of the associations with 
background variables or other sleep variables were significant. Parent-reported school 
performance was predicted by sex, education track, and sleep quality. According to parents, 
girls, students from preuniversity education, and those with good sleep quality had higher 
school performance than their peers.
Table 7.2 Relations between sleep and school performance measures: results of linear and 
logistic regression analyses
Predictors Standardized mean 
grades a
Self-reported school 
performance b
Parent-reported school 
performance b
Beta Exp(B) Exp(B)
Block 1 (R2 = .12) (Cox & Snell R2 = .01) (Cox & Snell R2 = .06)
Age -.03 0.98 1.03
Sex .15** 1.20 1.66**
Education track .28** 1.42 2.36**
LPE .09* 1.26 1.12
Block 2 (R2 = .13) (Cox & Snell R2 = .06) (Cox & Snell R2 = .09)
Age -.04 1.06 1.08
Sex .16** 1.31 1.86**
Education track .27** 1.42 2.43**
LPE .08* 1.21 1.06
Sleepiness -.12** 0.77** 0.92
Sleep quality -.02 0.95 0.91**
TIB school days -.03 1.35 1.31
TIB non-school days -.05 0.84 0.84
Note. LPE = Level of parental education. TIB = Time in bed.
a linear regression analyses, N = 561;  b logistic regression analyses, N = 537.
* p < .05, ** p < .01.
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DISCUSSION
The current study shows that the relationship between sleep and school performance differs 
depending on the school performance measure used: school grades, self-reported school 
performance or parent-reported school performance. Sleepiness was related to school grades 
and self-reported school performance. Sleep quality was related to parent-reported school 
performance. Sleep duration was not related to any of the school performance measures. Thus, 
the fact that previous studies did not always find expected relations between sleep and school 
performance (Dewald et al., 2010) may be due to the use of different school performance 
measures. 
School performance reported by adolescents and parents seemed quite similar at first sight: 
adolescents and parents were both moderately good in estimating school performance. In spite 
of their similarity, self- and parent-reported school performance appear to measure different 
concepts: parent-reported school performance was related to sex and education track, while self-
reported school performance was not. This may suggest that adolescents compare themselves 
with peers who are very similar to them, of the same sex and from the same education track, 
while parents compare their children with a broader reference group. However, future research 
should clarify this issue by acquiring information about the reference group adolescents and 
parents use.  
The current study illustrates that self-reported school performance, parent-reported school 
performance, and school grades do not measure the same construct. To acquire more insight 
into the complex relations between different sleep measures and their effects on school 
performance, future studies should take differences between school performance measures 
into account. Thus, they should choose a school performance measure that best fits their 
research question. Furthermore, to avoid confusion, it would be helpful to mention explicitly 
which measure is used, for example by speaking about ‘self-reported school performance’ or 
‘objective school performance’.
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ABSTRACT 
Study objectives: To investigate whether the relation between sleep (sleep quality and 
sleepiness) and school performance is mediated by executive functions, and to examine 
whether this mediation differs between boys and girls. 
Design: Cross-sectional study. 
Setting: Secondary schools in The Netherlands. 
Participants: A nationally representative sample of 2,842 ninth-grade students aged 
14.25–15.25 years.
Interventions: N/A. 
Measurements and results: Sleep quality and sleepiness were measured with self-report 
questionnaires. Executive functions were measured with the 13-item Amsterdam Executive 
Function Inventory (AEFI). School performance was measured with scores on standardized 
tests of language and mathematics. Results for sleep quality showed that it was related to 
language achievement. Executive functions mediated this relation: adolescents with better 
sleep quality reported better executive functions, an adolescents with better executive 
functions had better performance on language tests. None of these effects were seen on 
mathematics performance. For sleepiness, no direct effect on school performance was 
seen. However, there was a significant indirect effect of sleepiness on school performance 
through the following pathway: adolescents who were not sleepy reported better executive 
functions and adolescents with better executive functions had better school performance on 
language and mathematics than sleepy adolescents. For language, this effect was stronger 
in boys than in girls. 
Conclusions: This study provides support for the hypothesis that sleep influences school 
performance in middle adolescence (age 14–15 years) through an effect on executive 
functioning. This effect differs for boys and girls. The results emphasize the need for 
interventions to improve sleep in adolescents. 
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INTRODUCTION 
In early adolescence sleep behavior changes due to a shift in sleep regulation processes (Crowley, 
Acebo, & Carskadon, 2007; Willoughby, Kupersmidt, & Voegler-Lee, 2011). Because of this 
shift, adolescents go to bed later than they used to when they were younger. Still, they do have 
to get up early during the week to go to school. This combination of going to bed late and 
rising early may lead to sleep debt, for which adolescents often compensate by sleeping in on 
weekends (Crowley et al., 2007; Willoughby et al., 2011). Yet, such irregular sleep schedules are 
related to poorer sleep quality (Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010; LeBourgeois, 
Giannotti, Cortesi, Wolfson, & Harsh, 2005). Moreover, the majority of the adolescents complain 
of sleepiness in the morning (Crowley et al., 2007; Steenbergen-Hu & Moon, 2011). 
The changes in sleep regulation processes and their effects on sleep quality and sleepiness may 
impair adolescents’ performance in school. Evidence for the relation between sleep and school 
performance comes from a recent meta-analysis, which showed that sleepiness had the strongest 
relationship with school performance, followed by sleep quality and sleep duration (Dewald 
et al., 2010). But how does sleep affect school performance? The present study investigated 
whether executive functions mediate the relation between sleep and school performance in 
middle adolescence (age 14–15 years). In addition, the study examined whether this mechanism 
was different for boys and girls. 
Executive functions
The term executive functions is used for several functions that together are involved in the 
regulation of behavior, such as attention, inhibition, self-regulation, shifting, working memory, 
initiating and planning (Anderson, 2002; Beauchamp & Anderson, 2010). In the past years, 
neuroscientific studies have suggested that executive functions may be impaired by lack of sleep 
(Chee & Chuah, 2008; Vandewalle et al., 2009). The presumed mechanism is as follows: sleep 
deprivation alters activity in areas within the prefrontal cortex. This part of the brain has been 
implicated in higher mental functions and is known to contain networks that are important 
for executive functions (Chee & Chuah, 2008; Vandewalle et al., 2009). As a consequence of 
the altered activity in the prefrontal cortex, performance on executive function tests decreases 
(Dewald et al., 2010; Nilsson et al., 2005; Vandewalle et al., 2009). Lim and Dinges (2010) call 
this the ‘neuropsychological hypothesis’ of the effect of sleep deprivation. Adolescents may be 
particularly vulnerable to the effects of sleep loss, because during adolescence, especially areas 
in prefrontal areas are involved in development (Giedd, 2008; Gogtay et al., 2004; Lenroot et 
al., 2007). It has been suggested that these developmental brain changes may make the brain 
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more sensitive to experiences related to executive functions (Blakemore & Choudhury, 2006). 
Therefore, sleep loss may have extra impact on executive functions in adolescents.
Only a few studies have investigated the relation between sleep and executive functions in 
adolescents. Anderson and colleagues (Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 
2009) investigated whether sleepiness and sleep duration were related to executive functions 
in 236 adolescents aged 12–16 years. They found that sleepiness was related to parent-reported 
executive functions and a neuropsychological test of planning skills. Sleep duration was not 
related to executive functions. Gradisar and colleagues (Gradisar, Terrill, Johnston, & Douglas, 
2008) studied 143 adolescents aged 13–18 years and showed that those who slept less than 
eight hours a night had lower working memory performance than adolescents who slept eight 
hours or more. Together, these studies suggest that sleep is related to executive functioning 
in adolescence. 
Executive functions have been shown to be important for behavior in daily life (Anderson, 
2002). In adolescents, they have been linked to school performance. For instance, executive 
functions such as executive attention (Checa, Rodriguez-Bailon, & Rueda, 2008) and 
metacognitive (executive) skills (Veenman, Kok, & Blöte, 2005) partially predicted report 
marks for mathematics in adolescents age 12–13 years. Not only mathematics, also the average 
report mark on all subjects at the end of the academic year appeared to be related to attention 
and effortful control in twelve-year olds (Checa & Rueda, 2011). Furthermore, three complex 
executive function measures from the Cognitive Assessment System were related to school 
performance on standardized tests of reading and mathematics in 5–17 year olds (Best, Miller, 
& Naglieri, 2011). Several studies showed that not all executive function tests contributed 
equally to various academic skills. Latzman, Elkovitch, Young, and Clark (2009) showed that 
in adolescent boys aged 11–16 conceptual flexibility was related to performance in reading and 
science. In addition, monitoring was related to reading and social studies; inhibition was related 
to mathematics and science. St Clair-Thompson and Gathercole (2006) reported that in 11–12 
year old adolescents, updating was related to English and mathematics, inhibition was related 
to English, mathematics and science, while shifting was not related to school performance. 
These studies give clear indications that executive functions relate to school performance in 
adolescents, although the exact relation differs per executive function and school subject. 
It should be remarked that relations between sleep, executive functions and school performance 
found in correlational studies are not necessarily causal relationships. The associations may be 
caused by confounding factors. Sleep, executive functions, and school performance all have 
been shown to be strongly related to factors such as age, education level and socio-economic 
background (Willoughby et al., 2011; Wolfson & Carskadon, 2003). Therefore it has been 
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recommended to control for such variables in research designs investigating sleep, executive 
functions and school performance (Dewald et al., 2010; Willoughby et al., 2011; Wolfson & 
Carskadon, 2003). 
The current study
To summarize, research shows that in adolescents, sleep is related to executive functions, and 
executive functions are related to school performance. Consequently, it seems likely that sleep 
affects school performance through executive functions. Up to now, the relations between sleep, 
executive functions and school performance have not been investigated in a single study. This 
study will be the first to investigate this mechanism in a large representative sample of typically 
developing adolescents. A strong point of the study is that we investigated a large sample with 
a restricted age range in middle adolescence (age 14–15 years). Together with the fact that we 
controlled all analyses for a range of potential confounders (age, sex, educational track, level of 
parental education (LPE), and ethnicity), this enables strong inferences about the effects found.
Additionally, we examined whether the mediation effect of executive functions on the relation 
between sleep and school performance differs between boys and girls. Neuroimaging and sleep 
electroencephalogram (EEG) studies shows that the timing of brain development in adolescent 
boys and girls differs: girls’ development is ahead of boys’ (Campbell, Grimm, de Bie, & Feinberg, 
2012; Lenroot et al., 2007; Lenroot & Giedd, 2009). Moreover, boys and girls show differences 
in sleep behavior: the developmental shift in circadian rhythm takes place at a younger age in 
girls than in boys (Tonetti, Fabbri, & Natale, 2008), girls usually sleep longer than boys (Chee 
& Chuah, 2008; Olds, Blunden, Petkov, & Forchino, 2010; Tonetti et al., 2008; Vandewalle et 
al., 2009) and report worse sleep quality (Johnson, Roth, Schultz, & Breslau, 2006; Lazaratou, 
Dikeos, Anagnostopoulos, Sbokou, & Soldatos, 2005). Sex differences are also seen in the 
relation between sleep duration and school performance (Dewald et al., 2010). In addition, 
sex differences are seen in school grades, which are in general higher in girls (Freudenthaler, 
Spinath, & Neubauer, 2008; Jacob, 2002). On standardized tests, girls often outperform boys 
on the language-related tests, while boys outperform girls on mathematics (Downey, Yuan, & 
Anastasia, 2005; Van Langen, Bosker, & Dekkers, 2006). With regard to executive functioning, 
the literature shows that sex differences are only rarely found on executive function tests 
in adolescents (Anderson, Anderson, & Garth, 2001; Huizinga, Dolan, & Van der Molen, 
2006; Luciana, Conklin, Hooper, & Yarger, 2005). On the other hand, data on behavior and 
performance at school do demonstrate that boys have inferior planning and self-regulation 
skills than girls (Coenen, Meng, & Van der Velden, 2011; Downey et al., 2005; Duckworth 
& Seligman, 2006; Hyde, Lindberg, & Wilson, 2007). This incongruence between results on 
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executive function tests and behavioral data may be caused by the restricted ecological validity 
of executive function tests (Gioia & Isquith, 2004). Questionnaires or self-report measures may 
be better at measuring executive functions in daily life (Gioia & Isquith, 2004; Guy, Isquith, & 
Gioia, 2004; Van der Elst et al., 2012). 
Thus, the first aim of the present study was to investigate whether executive functions mediate 
the relations between sleep and school performance. We focused on two measures of sleep, 
namely sleep quality and sleepiness, as these two are the most strongly related to school 
performance (Dewald et al., 2010). The second aim was to investigate whether this mediation 
differs between boys and girls. We investigated these questions in a sample of 2,842 adolescents 
aged 14.25 to 15.25 years. Sleep quality, sleepiness and executive functions were measured 
with a self-report questionnaire. School performance was measured with standardized tests of 
language and mathematics. We controlled for background variables age, sex, educational track, 
LPE, and ethnicity, as these are common confounders in studies on sleep, executive functions 
and school performance (Willoughby et al., 2011; Wolfson & Carskadon, 2003).
METHODS
Procedure
Data for this study were derived from the study COOL5-18 (CohortOnderzoek Onderwijs 
Loopbanen [in English: Cohort Study of Educational Trajectories]) (Zijsling, Keuning, Kuyper, 
Van Batenburg, & Hemker, 2009), which follows students from age 5 to 18 years through 
their whole educational trajectory. In total, 80 secondary schools participated in COOL5-18. 
Schools were selected when they were attended by a sufficient number of students who had 
participated previously in a cohort study in primary education (PRIMA). These students and 
their classmates were selected to participate in the data collection. The current study used the 
data of the first wave among 9th grade students.
Schools administered a questionnaire to students and a battery of standardized tests including 
tests of vocabulary, reading comprehension, spelling of verbs, and mathematics. Total test 
administration took six hours. Schools decided themselves on the timing of test administration 
and the order in which the questionnaires and tests were completed. Parents of participating 
students completed a questionnaire at home, which students returned to school. Schools 
received a report on their students’ performance. See Zijsling et al. (2009) for more information 
on the procedure.
Sleep, executive functions and school perform
ance
Chapter 8
123
Participants
Adolescents were 9th grade students participating in the COOL5-18 study. Adolescents were 
selected when complete data were available for age, sex, educational track, LPE, ethnicity, 
sleep quality, sleepiness, executive functions, and the tests measuring vocabulary, reading 
comprehension, spelling, and mathematics. We selected adolescents between 14.25 and 15.25 
years old. With this selection, we created a homogeneous sample, with the number of students 
who had repeated or skipped a grade reduced to a minimum. Students who repeated or skipped 
a grade have different profiles on a range of school related variables compared to students 
with a regular education career (Jimerson, 2001; Steenbergen-Hu & Moon, 2011). In addition, 
given their age, they are most probably in a different stage in biological and/or psychological 
development. Therefore, they can be considered a different group. 
Sample characteristics are depicted in Table 8.1. In total, the sample of the current study 
consisted of 2,842 adolescents, 46.7% of which were boys. Adolescents were students from all 
educational tracks of the Dutch education system: prevocational secondary education, general 
secondary education and preuniversity education. 
Measures 
Sleep
Sleep quality was measured with the sum score on the following four questions to the 
adolescents, which refer to distinct processes affecting sleep quality: 1. I regularly have trouble 
falling asleep. 2. I often wake up at night and have trouble falling asleep again. 3. I often wake up 
early and have trouble falling asleep again. 4. I have trouble waking up in the morning. When 
the alarm clock rings, I have trouble getting up. Sleepiness was measured with the question: I 
feel sleepy during the first hours at school. Answers were on a Likert scale with three answer 
options: not true (2 points), partly true (1 points) and true (0 points). With this coding, a 
high score on the sleep quality scale indicates good sleep quality. Reliability of the scale was 
moderate (Cronbach’s alpha = .50). For sleepiness, a dichotomized score was calculated (not 
true (0 points) vs. partly true and true (1 point).  
Executive functions
Executive functions were measured with the Amsterdam Executive Function Inventory (AEFI) 
(Van der Elst et al., 2012), a self-report scale for executive functions. It contains 13 questions 
that form three subscales: Attention (3 items), Self-control and Self-monitoring (5 items), and 
Planning and Initiative (5 items). Answer options were not true (1 point), partly true (2 points) 
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and true (3 points). With this coding, a higher score means better executive functions. Cases 
were considered complete when all items were complete or when only one item was missing. 
In the latter case, the item score was replaced by the mean of the scale. We used the total score 
of the scale as outcome measure (Cronbach’s alpha = .71). 
School performance
School performance was measured with performance on standardized tests of language and 
mathematics (Zijsling et al., 2009). For language, the mean score was taken of three standardized 
tests of language: vocabulary, spelling, and reading comprehension. For mathematics, one 
standardized test was administered. The tests were constructed according to Item Response 
Theory (IRT). Of each test, three versions existed. The scores were analyzed with a One-
Parameter Logistic Model (OPLM) to form bank scores, which reflect the ability level on a 
scale from 0% to 100% (see for more information on the test construction Zijsling et al., 2009).
Demographics
Adolescents indicated their sex and educational track on the questionnaires. Data on LPE and 
ethnicity were gathered with a questionnaire for the parents. LPE was defined as the level of 
the parent with the highest education level, and classified in two levels: low-medium (at most 
secondary vocational education) and high (at least academic level). Ethnicity was defined 
as the birth country of the mother, and was dichotomized as Western versus non-Western 
(Zijsling et al., 2009).
Analyses
Analyses were performed with SPSS Statistics 19.0 for Mac. Because of the large sample size, 
for all analyses alpha was defined at p = 0.01. We conducted the analyses separately for the 
independent variables estimating sleep (sleep quality and sleepiness) and for the dependent 
variables estimating school performance (language and mathematics). In all analyses, age, sex, 
educational track, LPE and ethnicity were added as covariates. 
First, we performed mediation analyses for sleep, with executive functions (AEFI-score) as a 
mediator and school performance as outcome measure (see Figure 8.1). We used bootstrapping 
procedures described by Preacher, Rucker and Hayes (2007) to estimate the indirect effect, 
which is indicative of mediation. Bootstrapping is preferred over other tests of mediation, such 
as the Sobel test or the causal steps approach (Baron & Kenny, 1986), because of its higher power 
to detect effects and because it does not assume normality of the sampling distribution of the 
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indirect effect (Hayes, 2009). For bootstrapping, we used the PROCESS script for SPSS by Hayes 
(under review) (http://www.afhayes.com/spss-sas-and-mplus-macros-and-code.html). In the 
current case, this script uses regression analyses to estimate direct, indirect, and total effects. 
We used 5000 bootstrap resamples to acquire 99% confidence intervals of the indirect effect. 
Since indirect effects usually have a skewed distribution, we tested them with bias corrected 
Figure 8.1 Model of executive functions mediating the relation between sleep and school 
performance. Sleep is measured by sleep quality and sleepiness. School performance is measured 
with test performance for language and mathematics. Path c is the total effect. c’ is the direct 
effect. ab = the indirect effect.
Sleep School performance 
Executive functions 
a b 
c 
c' 
Figure 8.2 Total effects model of moderated mediation by sex.
Sleep School performance 
Executive functions 
a b 
c 
c' 
Sex 
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confidence intervals, which perform best in this situation (Mackinnon, Lockwood, & Williams, 
2004). When zero is excluded from the confidence interval, this means the effect is significant. 
Second, we performed moderated mediation analyses, which tested whether the mediation of 
executive functions on the relation between sleep and school performance differs for boys and 
girls (see Figure 8.2). More specifically, we tested a total effect moderation model, which tests the 
presence of sex differences in all relationships (between sleep and executive functions, between 
executive functions and school performance and between sleep and school performance). These 
analyses were also performed using the PROCESS script.
RESULTS
Table 8.1 shows sample characteristics and results on outcome measures. Boys reported better 
sleep quality than girls. However, more boys than girls reported being sleepy in the morning. 
No sex differences were seen on self-reported executive functions. School performance did 
differ between boys and girls. Girls performed better on language, while boys performed better 
on mathematics.
Zero-order correlations indicated that sleep quality and sleepiness were significantly related 
(r = -0.26, p < 0.001). Sleep quality was related to school performance (language: r = 0.10, p 
< 0.001; mathematics: r = 0.07, p < 0.001), while sleepiness was not (language: r = -0.03 p = 
0.074; mathematics: r = -0.01, p = 0.520). Furthermore, sleep was associated to self-reported 
executive functions (sleep quality: r = 0.36, p < 0.001; sleepiness: r = -0.30, p < 0.001), and 
self-reported executive functions were related to school performance (language: r = 0.19, p < 
0.001; mathematics: r = 0.14, p < 0.001). In addition, sex was related to sleep quality (r = -0.08, 
p < 0.001), sleepiness (r = -0.07, p = 0.001) and school performance (language: r = 0.16, p < 
0.001; mathematics: r = -0.10, p < 0.001). However, sex was unrelated to self-reported executive 
functions (r = -0.01, p = 0.622). Finally, the background variables age, educational track, and 
LPE were significantly associated with school performance (language: resp. r = -0.06, r = 0.68, 
r = 0.25; mathematics: resp. r = - 0.06, r = 0.64, r = 0.22; all p’s < 0.010). Ethnicity was related 
to mathematics (r = 0.08, p < 0.001), but not to language (r = 0.04, p = 0.019).
Mediation by executive functions
Sleep quality
Table 8.2 shows the results of analyses that investigated whether the relation between sleep 
quality and school performance was mediated by executive functions. For the language score, 
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there was a significant total effect of sleep quality. This effect existed of a direct effect of 
sleep quality on language score, which was not significant, and a significant indirect effect of 
executive functions on the relation between sleep quality and language score. This means that 
the relation between sleep quality and language can be explained through the relations with 
executive functions. The beta’s of the a- and b-paths indicate the direction of these relations: 
adolescents with higher sleep quality reported better executive functions, and adolescents 
who reported better executive functions also achieved higher language scores. In sum, these 
findings indicate that the relation between sleep quality and language scores was mediated by 
self-reported executive functions.
Different results were found for mathematics performance. Here, no significant total effect was 
found, and no significant direct and indirect effects were seen. This means that no relation 
between sleep quality and mathematical performance existed after correcting for background 
variables. Furthermore, there was no indication of mediation.
Sleepiness
Table 8.3 shows the results of analyses that investigated whether the relation between sleepiness 
and school performance was mediated by executive functions. Results were similar for both 
language and mathematics (see Table 8.3). There was no significant total effect of sleepiness on 
school performance. Nevertheless, there was a significant indirect effect of executive functions 
on the relation between sleepiness and school performance. The direct effect of sleepiness on 
school performance remained insignificant. Individual paths showed that adolescents who were 
not sleepy reported better executive functions than sleepy adolescents, and adolescents who 
reported better executive functions also performed better on the tests of school performance. 
Thus, we did not find evidence for the relation between sleepiness and school performance to 
be mediated by executive functions in the traditional sense of mediation, where a significant 
total effect has to be found (Baron & Kenny, 1986). However, we did find a significant indirect 
effect through executive functions. This indicates that executive functions do contribute to the 
relation between sleepiness and school performance, but that other mediators (which we did 
not test) play a role as well, and cancel out the effects (Hayes, 2009).
Moderated mediation by sex
Sleep quality
For both language and mathematics, sex did not moderate any of the relations between sleep, 
executive functions and school performance. Sex did not significantly interact with sleep quality 
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in its effect on executive functions (for language and mathematics: unstandardized B = -0.05, SE 
= 0.08, ß = -0.04, t = -0.67, p = 0.505), and it did not significantly interact with sleep quality or 
executive functions in their effects on school performance (language: resp. unstandardized B = 
-0.02, SE = 0.24, ß = 0.00, t = -0.07, p = 0.948 and unstandardized B = -0.22, SE = 0.11, ß = -0.22, 
t = -2.09, p = 0.037; mathematics: resp. unstandardized B = -0.07, SE = 0.28, ß = -0.01, t = -0.25, 
p = 0.803 and unstandardized B = -0.05, SE = 0.12, ß = -0.05, t = -0.43, p = 0.667). This means 
that the relation between sleep quality and school performance was the same for both sexes: 
there was mediation by executive functions for language, and no mediation for mathematics.
Sleepiness
For the scores on language tests, we found a significant interaction between sex and executive 
functions in its effect on language performance (unstandardized B = -0.27, SE = 0.10, ß = -0.27, 
t = -2.60, p = 0.009). Results of bootstrapping indicated that the indirect effect of executive 
functions on the relation between sleepiness and language tests was stronger in boys than in 
girls (indirect effect for boys: point estimate = -1.22, boot SE = 0.23, 99% CI = -1.885 – -0.658; 
indirect effect for girls: point estimate = -0.49, boot SE = 0.18, 99% CI = -0.979 – -0.070). The 
other interaction effects between sex and sleep quality on executive functions and language 
performance were not significant (resp. unstandardized B = 0.14, SE = 0.30, ß = 0.02, t = 0.46, 
p = 0.644 and unstandardized B = -1.36, SE = 0.88, ß = -0.04, t = -1.57, p = 0.120).
For mathematics, no moderated mediation by sex was seen. Sex did not significantly interact 
with sleepiness in its effect on executive functions (unstandardized B = 0.14, SE = 0.30, ß = 0.02, 
t = 0.46, p = 0.644), and it did not significantly interact with sleepiness or executive functions 
in their effects on mathematics performance (resp. unstandardized B = -1.260, SE = 1.03, ß 
= -0.04, t = -1.23, p = 0.220 and unstandardized B = -0.11, SE = 0.12, ß = -0.10, t = -0.90, p = 
0.369). This indicates that the indirect effect of executive functions on the relation between 
sleepiness and mathematics was similar in boys and girls.
DISCUSSION
The present study investigated the relation between sleep, executive functions and school 
performance for two different measures of sleep: sleep quality and sleepiness. For sleep quality, 
the results showed that adolescents with higher sleep quality had better language performance 
compared to adolescents with lower sleep quality. This was mediated by executive functions: 
adolescents with higher sleep quality reported better executive functions, and adolescents with 
better executive functions performed better on language tests. No such effects were found for 
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mathematics. With regard to sleepiness, no direct effect on school performance was found. 
Yet, there was still an indirect effect of sleepiness on school performance through executive 
functions. Adolescents who were not sleepy reported better executive functions and adolescents 
with better executive functions achieved higher scores on tests of language and mathematics 
than sleepy adolescents. For language, this effect was stronger in boys than in girls.
With the current paper, we gathered evidence in a single large-scale study for the hypothesis 
that the relation between sleep (both sleep quality and sleepiness) and school performance is 
mediated by executive functions. These effects were different for language and mathematics, 
and not always equally strong in boys and girls. Earlier studies had only demonstrated the 
separate relations: between sleep and school performance (Dewald et al., 2010), sleep and 
executive functions (Anderson et al., 2009; Gradisar et al., 2008), and executive functions 
and school performance (e.g. Best et al., 2011; Checa & Rueda, 2011). As far as we know, 
there has been only one study that investigated a related question, namely whether the 
relation between sleep and school performance could be explained by fluid intelligence 
(Johnston, Gradisar, Dohnt, Billows, & McCappin, 2010). Fluid intelligence is the ability to 
solve problems encountered in new situations (Cattell, 1963), and therefore probably shares 
particular cognitive processes with executive functions. In the study by Johnston – although 
sleep quality and school performance were related – , no evidence was found for a significant 
mediation by fluid intelligence measured by two reasoning tests (Johnston et al., 2010). Here, 
it should be remarked that fluid intelligence is a concept closely related to executive functions, 
but that these are not the same (Friedman et al., 2006; N. Jaušovec & Jaušovec, 2012; Kwon 
& Lawson, 2000; Van der Sluis, De Jong, & Van der Leij, 2007; Wu et al., 2011). For instance, 
a meta-analysis has shown that sleep deprivation did not affect fluid intelligence, while it 
did affect performance on executive function tests (Lim & Dinges, 2010). The present study 
suggests that executive functions are a better candidate than fluid intelligence to be part of 
the mechanism between sleep and school performance.
Why was sleepiness unrelated to school performance, despite evidence for an indirect effect 
of sleepiness on school performance through executive functions? Probably, other factors 
influenced the relation between sleepiness and school performance as well, and thereby masked 
the effect of sleepiness on school performance through executive functions (Hayes, 2009). It is 
likely that our single question did not capture the whole concept of sleepiness, because we only 
asked about sleepiness during the first hours in school. This may also explain why we found 
that more boys than girls reported sleepiness, while another study – which operationalized 
sleepiness differently – found the opposite effect (Lee, McEnany, & Weekes, 1999). Because 
boys have later sleep onset than girls, but have to get up at the same time (Roenneberg et al., 
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2004; Tonetti et al., 2008), they may have more sleep debt and report more sleepiness in the 
morning. However, girls may still feel sleepier during the rest of the day. 
We found some evidence for our hypothesis that the role of executive functions in the relation 
between sleep and school performance would be different for boys and girls. In boys, the indirect 
effect of executive functions on the relation between sleepiness and language performance was 
stronger than in girls. This may be related to pubertal stage. Puberty starts earlier in girls than 
in boys, and is related to sleep and differences in circadian rhythm (Sadeh, Dahl, Shahar, & 
Rosenblat-Stein, 2009). Moreover, puberty has been linked to changes in brain areas related to 
executive functions (Blakemore & Choudhury, 2006). In the age range of the present sample, 
most girls will be at the end of puberty, while there may be more variability in pubertal stage 
in boys (Sadeh et al., 2009). Yet, the exact relations between puberty and brain developmental 
processes in adolescence – amongst which the shift in sleep regulation processes and synaptic 
pruning – are complex and not fully understood yet (Campbell et al., 2012; Sadeh et al., 2009). 
Moreover, this explanation cannot account for the fact that sex differences only appear on 
the relation between sleepiness and language performance, and not on the relation between 
sleepiness and mathematics performance.
Because of the cross-sectional nature of the current study, we cannot infer causal relations 
between sleep, executive functions and school performance from the data. We did control for 
several important confounders: age, sex, education track, LPE and ethnicity (Dewald et al., 
2010; Willoughby et al., 2011; Wolfson & Carskadon, 2003), but we may have missed others 
that could also explain the relations we found. Still, results of experimental studies on the 
effects of sleep on performance have shown that short or low quality sleep indeed leads to 
worse performance on executive tasks (Lim & Dinges, 2010; Vandewalle et al., 2009). Future 
research could further examine this relationship, and find out whether there is a direct link 
between sleep and executive functions, or whether lower level attentional processes mediate this 
relationship (Lim & Dinges, 2010; Tucker, Whitney, Belenky, Hinson, & Van Dongen, 2010). 
As individual differences are seen in the effects of sleep deprivation on executive functions 
(Vandewalle et al., 2009), this could be taken into account. 
To conclude, the current study found support for the hypothesis that sleep quality and sleepiness 
affect school performance in adolescents through executive functions. In education, adolescents 
in higher grades get more responsibility to plan and organize their studying activities themselves. 
When they do not sleep well, this may affect their school performance. Furthermore, lack of sleep 
will lead to less than optimal circumstances for learning executive skills, which are developing 
in this age period (Blakemore & Choudhury, 2006). Thus, sleep is of major importance for 
adolescents, which emphasizes the need for interventions. In developing these interventions, 
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the role of parents in sleep may not be underestimated, as adolescents whose parents have set 
bed times go to bed earlier (Short et al., 2011). In addition, there may be a role for schools, by 
educating their students on the role and importance of sleep (Blunden, Chapman, & Rigney, 
2011), signaling sleepy adolescents, or starting later (Owens, Belon, & Moss, 2010).
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Introduction
The present thesis examined individual differences in school performance from an educational 
neuropsychology perspective. The main research question was: 
1. Are sex differences, breakfast consumption, and sleep behavior determinants 
of individual differences in adolescents’ school performance? 
In addition, we asked:
2. What are neuropsychological mechanisms that explain the relation between 
these factors and school performance?
These questions were investigated in seven empirical studies. Below, we will describe our 
findings for each factor separately and relate them to the existing literature. After that, we will 
indicate directions for future research.
Differences between boys and girls
Based on the studies in the current thesis, is there evidence for sex differences in school 
performance of adolescents? We found differences between boys and girls in school performance 
in all samples we investigated. In the data-collection STARS (Chapter 2 and 4) we found that 
girls achieved higher end-of-term school grades for Dutch, English and mathematics than 
boys. In Head Start (Voorsprong), we found that girls had higher grades for Dutch (Chapter 
2), and a higher mean end-of-term grade for Dutch, English and mathematics (Chapter 6). In 
the COOL5-18 study, girls achieved higher scores on standardized tests of Dutch, and boys on 
mathematics (Chapter 8). Girls also reported better cooperation skills than boys (Chapter 5). 
In sum, the findings in this thesis demonstrate that girls have better school performance than 
boys, except on a standardized test of mathematics. 
These results are in line with international studies, which show that when school grades are 
considered, girls outperform boys. On standardized tests, differences between boys and girls 
depend on the subject matter. Scores on languages are often in advantage of girls, while boys 
often perform better in mathematics and science (Downey, Yuan, & Anastasia, 2005; Driessen 
& Van Langen, 2010; Duckworth & Seligman, 2006; Freudenthaler, Spinath, & Neubauer, 2008; 
Steinmayr & Spinath, 2008; Van Langen, Bosker, & Dekkers, 2006).
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Mechanism
Why do girls generally have better school performance than boys? First, we investigated whether 
girls’ advantage in Dutch would be due to better vocabulary. Girls already show an advantage 
over boys in development of vocabulary at an early age (Ozçalişkan & Goldin-Meadow, 2010; 
Schachter, 1978). Since vocabulary is an important language component, this may result in 
sex differences in performance on language tasks. Yet, although girls had higher school grades 
for Dutch, we found that they did not have better vocabulary than boys. Chapter 2 and 3 
even showed that on a vocabulary test of abstract nouns boys outperformed girls. Moreover, 
vocabulary performance predicted school performance only in girls (Chapter 2). 
With an experiment, we investigated whether the format of the vocabulary test could have 
caused the sex differences in performance. This experiment in Chapter 3 demonstrated that 
sex differences in a vocabulary test with difficult abstract nouns depended on whether the 
words were presented in a sentence or not. When words were presented without a sentence, 
boys performed better than girls. When the words were presented in a sentence, boys and 
girls performed similarly. In short, these results show that task characteristics can evoke sex 
differences in performance. Moreover, the study in Chapter 2 demonstrated that vocabulary 
does not explain why girls achieve higher grades on Dutch than boys.
What could then be the mechanism behind sex differences in school performance in 
adolescents? Previous research on sex differences in school performance has shown that girls 
are less impulsive and have better self-control and self-discipline than boys, which contributes to 
girls’ better performance (Downey et al., 2005; Duckworth & Seligman, 2006; Hyde, Lindberg, 
& Wilson, 2007; Steinmayr & Spinath, 2008). Executive functions are supposed to underlie 
self-control and self-regulation (Hofmann, Schmeichel, & Baddeley, 2012). We therefore 
investigated whether executive functions could explain sex differences in school performance. 
In Chapter 4, we investigated this question assessing executive functions in three different ways: 
with the Sorting test and the Tower test, both part of the Delis-Kaplan Executive Functions 
System (D-KEFS) (Delis, Kaplan, & Kramer, 2001), and the Behavior Rating Inventory of 
Executive Function – Self-Report Version (BRIEF-SR) (Guy, Isquith, & Gioia, 2004). We 
studied adolescents aged 12–18 years who studied in preuniversity education, the educational 
track in which the top 20% of the Dutch adolescents study (Ministry of Education, Culture and 
Science, 2009). We selected healthy adolescents who had not repeated or skipped a grade. With 
this sample homogeneous in ability and development, we were able to reduce the influences of 
possible confounding factors such as intelligence. In this sample, we found that the executive 
function tests we used could not explain sex differences in school performance. 
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In Chapter 5, we investigated this question from a different perspective in adolescents aged 
14–15 who participated in the large-scale national study COOL5-18. We used self-reported 
cooperation as an estimate of school performance. Results showed that the self-reported 
executive functions planning and initiative were related to self-reported cooperation: adolescents 
who reported better planning and initiative also reported better cooperation skills. Yet, these 
executive functions could not explain why girls reported better cooperation skills than boys. 
Chapter 8 on sleep in COOL5-18 also showed that self-reported executive functions were related 
to school performance, now measured with standardized tests of language and mathematics. 
In relation to sleepiness and language test performance, this effect of executive functions 
was stronger in boys than in girls. Still, this was the only indication we found that executive 
functions may explain sex differences.  
We have to remark that in COOL5-18 (Chapter 5 and 8) relations between executive functions and 
school performance were seen, while these were not found in our study with a homogeneous 
sample in Chapter 4. This may be due to sample differences: the sample in COOL was a 
sample of typically developing 14–15 year-olds, from all over The Netherlands, and from all 
education levels and backgrounds. This is a much broader sample than the healthy 12–18 
year-old preuniversity education students in Chapter 4, who were from seven schools in the 
south of The Netherlands.
To conclude, we did not find clear indications for a mechanism that explains sex differences in 
adolescents’ school performance. Nevertheless, we can say that vocabulary is probably not one 
of the mechanisms. With regard to executive functions, here we found that executive functions 
predicted school performance in a sample of adolescents from all educational levels (COOL5-18; 
Chapter 5 and 8), but not in the high-performing healthy sample we investigated in Chapter 
4. It is likely that executive function play a larger role in school performance differences in 
prevocational education (vmbo) and general secondary education (havo) than in preuniversity 
education (vwo). In addition, based on these three studies, we can conclude that sex differences 
in school performance could not be explained by the executive functions we measured. Still, 
studies on sex differences in school performance do indicate that self-control and self-discipline 
may be the cause of the sex differences in school performance (Downey et al., 2005; Duckworth 
& Seligman, 2006; Hyde et al., 2007; Steinmayr & Spinath, 2008). 
There are several explanations for the fact that we did not find clear indications of executive 
functions being the mechanism between sex differences and school performance. Firstly, we 
may not have measured the right executive functions. Many different executive functions 
have been distinguished in the literature, and there is evidence that they develop at different 
rates (Anderson, 2002; Huizinga, Dolan, & Van der Molen, 2006). We measured a small range 
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of executive functions with objective neuropsychological tests: categorizing/concept shifting 
and planning (Delis et al., 2001); and a broader range of executive functions with self-report 
measures (Guy et al., 2004; Van der Elst et al., 2012). We investigated executive functions of 
which development in adolescence has been shown (Delis et al., 2001; Huizinga et al., 2006; 
Luciana, Collins, Olson, & Schissel, 2009). Yet, these executive functions may not have been 
the ones that underlie sex differences in school performance. 
Secondly, our measures may not have been sensitive enough to register all relevant variance in 
executive functions that is related to daily life performance. Executive functions are difficult to 
measure. Tasks that aim to measure executive functions are always influenced by lower level 
processes, such as information-processing speed, and verbal ability. This is called task impurity, 
and causes measurement error (Van der Sluis, De Jong, & Van der Leij, 2007). Moreover, all 
questionnaires we used on executive functions were self-report measures, which are influenced 
by adolescents’ insight in their own behavior. 
Thirdly, it is likely that the mechanism behind sex differences in school performance 
encompasses more than executive functions only. Many other processes, both biological and 
cultural processes, could play a role as well. For example, motivation during secondary school 
has been shown to decrease, because adolescents compare themselves with classmates (Kuyper, 
Dijkstra, Buunk, & Van der Werf, 2011). The study by Kuyper et al. shows that adolescents 
think their classmates put less effort in homework as they do to get high grades. Because of 
the ‘better than average effect’, the effect that people often estimate that their own performance 
is better than that of others, they then also decrease their efforts spent on homework. This in 
turn leads to less motivation. This better than average effect has been shown to be stronger in 
boys than in girls (Kuyper et al., 2011). Other processes that may contribute to sex differences 
in performance are gender-related expectations by parents, teachers, and students themselves 
(McGeown, Goodwin, Henderson, & Wright, 2011; Moe, 2009; Walton & Spencer, 2009). To 
give some examples, stereotypical ideas about performance such as ‘girls cannot do mental 
rotation’ have been shown to negatively influence performance on such tasks (in this case: 
of girls) (Moe, 2009; Walton & Spencer, 2009). In these situations, gender identity seems to 
play a role: reading motivation, which is usually higher in girls, was even better predicted by 
gender identity than by sex. Students who felt more feminine had higher reading motivation 
than students with a masculine gender identity (McGeown et al., 2011).
Future studies on sex differences in school performance may investigate the role of executive 
functions in the broader perspective of other factors that may influence performance. In 
addition, it may be important to collect information from different sources on adolescents from 
all educational levels. This means that besides the use of self-report questionnaires and sensitive 
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(computerized) neuropsychological tests, information could be asked from teachers, parents, 
or independent observers. In combination with in-depth interviews with adolescents and tests 
of implicit attitudes, this may result in valuable data that contributes to a better understanding 
of all factors that play a role in sex differences in school performance. 
Breakfast 
For the second factor we investigated, breakfast consumption, we found that adolescents who 
skipped breakfast on some or all days of the week had lower school grades than adolescents who 
ate breakfast daily (Chapter 6). We also found some indications of an underlying mechanism: 
there was evidence of a partial mediation by self-reported attention. Adolescents who skipped 
breakfast reported more attention problems than breakfast eaters, and adolescents with more 
attention problems had lower school grades. Because we only found a partial mediation, 
this indicates that other mechanisms were likely to be involved as well. These could be 
working memory or executive functions, for example. Another possible explanation at the 
neuropsychological level could be that breakfast influences attention, which in turns influences 
working memory, which then affects school performance. 
Since we performed a correlational study, we cannot conclude that the relations we found 
were causal relationships (that breakfast influences attention which in turn influences school 
performance). Alternative explanations could account for these results as well. For instance, 
attention may be a confounder instead of a mediator. In this case, adolescents who report 
attention problems may have trouble completing the morning ritual in time, and therefore have 
no time to eat breakfast. Moreover, the attention problems may lead to difficulties performing 
at school. Yet, our findings are conform experimental studies, in which breakfast consumption 
was related to feelings of alertness (Widenhorn-Müller, Hille, Klenk, & Weiland, 2008) and 
performance on attention tests (Wesnes, Pincock, Richardson, Helm, & Hails, 2003). 
In our study we could exclude a possible role by sleep behavior on the relation between breakfast 
skipping and school performance. We had expected that going to bed late and getting up very 
early would cause adolescents to skip breakfast, and that the thereby caused lack of sleep might 
also have a negative effect on school performance. Yet, we could only find evidence for the 
former effect. 
Our findings contribute to the existing literature, in which mechanisms for the effects of 
breakfast on cognitive performance have been proposed at several levels. On a physiological 
level, one hypothesized mechanism is that breakfast impacts learning, because it raises blood 
glucose levels in the brain, which in turn improves performance. This process involves a complex 
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physiological mechanism in which several hormones and neurotransmitters are involved 
(Hoyland, Dye, & Lawton, 2009). The physiological effects of breakfast may differ between 
children, adolescents, and adults, because of differences in brain metabolism (Chugani, 1998; 
Hoyland et al., 2009). Another explanation may be that after no or little breakfast, feelings of 
hunger come up, which distract students from their learning (Rampersaud, 2009).
We do have to remark that breakfast consumption is a complex behavior, in which multiple 
factors play a role. To give some examples, breakfast consumption is influenced by genetic 
factors, and twin studies have shown that this genetic influence is stronger in boys than in 
girls (Keski-Rahkonen, Viken, Kaprio, Rissanen, & Rose, 2004). Breakfast consumption by 
adolescents is also related to their parents’ breakfast behaviors, and to living in a two-parent 
family and living in a family with a low socioeconomic status (Pearson, Biddle, & Gorely, 
2009). In girls, such family influences on breakfast skipping are stronger than in boys (Keski-
Rahkonen et al., 2004). Moreover, adolescents’ attitudes and beliefs concerning dieting also 
influence breakfast consumption (Rampersaud, 2009). The underlying reasons for not eating 
breakfast may thus be different for various breakfast skippers. These factors are important to 
understand breakfast skipping, and to be able to develop effective interventions to encourage 
breakfast consumption.
Sleep
Is sleep related to school performance? That depends on the school performance measure that 
is used. We found in Head Start that sleepiness was related to mean end-of-term grades and 
self-reported school performance, while sleep quality was related to parent-reported school 
performance (Chapter 7). The directions of these relations were as expected: sleepy students 
had lower school performance and adolescents with better sleep quality had higher school 
performance. In COOL5-18, we found that adolescents with better sleep quality performed better 
on language and mathematics tests. Yet, we did not find this result for sleepiness (Chapter 
8). Nevertheless, sleepiness was indirectly related to school performance through executive 
functions. Thus, just as a recent meta-analysis has shown (Dewald, Meijer, Oort, Kerkhof, & 
Bögels, 2010), sleep is related to school performance in adolescents. 
Mechanisms
We found evidence for the hypothesis that sleep relates to school performance through 
executive functions (Chapter 8). Adolescents who reported good sleep quality also reported 
better executive functions and had better results on tests of language and mathematics than 
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adolescents with poor sleep quality. For sleepiness, similar relations were found; only their 
effects were probably masked by other variables that we had not measured. For performance 
on language tests, the relation with executive functions was stronger in boys than in girls. 
Although we did not investigate causality, our findings are in line with the notion that 
sleep affects school performance through executive functions. This corresponds to the 
neuropsychological hypothesis of sleep, which states that activity in the prefrontal cortex changes 
due to sleep deprivation. The prefrontal cortex is involved in executive functions (Boonstra, 
Stins, Daffertshofer, & Beek, 2007; Lim & Dinges, 2010). From the literature, there are indications 
that attention may play a role as well in this mechanism (Lim & Dinges, 2010; Tucker, Whitney, 
Belenky, Hinson, & Van Dongen, 2010). This is because the changed prefrontal cortex activity 
also affects basic attentional processes (Boonstra et al., 2007). The model would then be that 
sleep deprivation alters prefrontal cortex activity, which in turn results in both changes in 
attentional processes and executive functions (these two may also influence each other). Both 
the changes in attention and executive functions may negatively affect school performance. 
Sleep may affect school performance at various moments in the learning process. Firstly, since 
attention is necessary to remain on-task, to listen to the teacher, to read the book and make 
the assignments, lack of sleep may influence all these cognitive tasks (Anderson, Storfer-Isser, 
Taylor, Rosen, & Redline, 2009). Similarly, lack of sleep may impact executive functions, which 
are necessary to complete complex tasks, to plan ahead and make homework. Thirdly, lack of 
sleep leads to more negative emotions, which may influence performance and social relations 
(Dahl & Lewin, 2002). And finally, during sleep, memories are stored in long term memory 
(Curcio, Ferrara, & De Gennaro, 2006). With not enough (good quality) sleep, less learning 
may take place. This illustrates how important sleep is for learners. 
Conclusion
From the studies in this thesis we can conclude that sex differences, breakfast and sleep are 
all determinants of adolescents’ school performance. We also found some indications for 
neuropsychological mechanisms through which these factors influence performance. The 
results of this thesis can only be generalized to adolescents of the same age and background 
situations as the adolescents in the studies. Because of the maturational processes that take 
place in adolescence, the relations between sex differences, breakfast consumption, sleep and 
school performance may be different in other groups and at other ages. 
This thesis demonstrates that sex differences, breakfast consumption and sleep are student 
characteristics that contribute to a better understanding of individual differences in school 
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performance. With our results, we demonstrated that neuropsychological explanations have 
added value and may complement other explanations commonly used in education and 
educational sciences. We would like to call the approach we used ‘educational neuropsychology’, 
since it is the application of neuropsychology to the field of education. We think this is a 
promising field: it has access to findings from neuroscience and a language to translate these 
findings to behaviors in the classroom.
Future directions 
For a better understanding of factors influencing school performance of adolescents and the 
underlying mechanisms, future studies should investigate causal relationships and stability 
of mechanisms throughout the life span. Questions regarding causal relationships (e.g. ‘Does 
breakfast lead to a decrease in attention, and is this decrease in attention the cause of lower 
school performance?’) can be examined with experiments. When these experimental studies 
are executed together with schools and parents, it is possible to test hypotheses based on 
scientific evidence while at the same time effective interventions for educational practice are 
being developed (Langberg & Smith, 2006). This combination is useful in questions like ‘Does 
school performance in boys improve when they get an intervention aimed at improving their 
executive functions?’ (Dekker, Krabbendam, Van Wesel, Gemmink, & Jolles, in preparation). 
In these studies, it is important to acquire – besides quantitative data – information about 
the experiences and the perspective of adolescents and teachers, for example with qualitative 
interviews. In this way, interventions can be made ‘user-friendly’ and meet the expectations of 
the users. Chances will then be higher that the interventions will be used in educational practice. 
Moreover, longitudinal studies are needed to investigate the stability of mechanisms throughout 
the life span. We found that sleep is related to executive functions and school performance 
in middle adolescence. Yet this does not mean that this relation remains the same in late 
adolescence. Such questions could be investigated with large longitudinal studies, of which 
COOL5-18 is an example. The second wave of this study has just been completed and the third 
wave is planned in 2013–2014. 
Researchers who study factors influencing school performance should be aware of the many 
confounders that may influence the results (Willoughby, Kupersmidt, & Voegler-Lee, 2011). Age 
is a major factor in learning and development that could confound results. Age can be seen as a 
proxi for the amount of (learning) experiences a learner has encountered and maturation that 
has taken place (Cobley, McKenna, Baker, & Wattie, 2009). The importance of age is obvious 
in young children, who differ much from each other in behavior and skills when they are born 
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a year apart, or even a few months or weeks. Yet, also in adolescence, age has far-reaching 
effects on learning performance. For example, there are large performance differences within 
a group of adolescents in the same study year, due to the fact that adolescents born in the same 
year are grouped together in the same class. Older adolescents generally perform better than 
younger adolescents within the same year. This is called the relative age effect (Cobley et al., 
2009). Studies could take age into account by selecting a specific sample of students with the 
same age and educational history. Age could also be added to the analyses as a confounder. Of 
these two methods, the first one is leading to a better control for age effects. Of course, they 
can be used simultaneously, as has been done in this thesis in Chapter 5 and 8. These methods 
of controlling could also be used for other confounders. 
Educational neuropsychology is a young field, which may contribute to the understanding 
of learning and education. To do so effectively, it is necessary to work together with other 
disciplines that have acquired knowledge on learning and education, such as educational 
sciences. The literature from neuropsychology has similarities with educational sciences, and 
both fields may complement each other. For instance, both fields have investigated issues 
related to cooperation. In neuropsychology and neuroscience, research on social cognition is 
growing and knowledge on (the development of) processes that play a role in social interaction 
and cooperation is increasing (Beauchamp & Anderson, 2010; Decety, Jackson, Sommerville, 
Chaminade, & Meltzoff, 2004; Steinberg, 2005). In educational sciences, a large body of research 
exists on cooperative learning and the circumstances in which effective cooperative learning 
may take place (Johnson & Johnson, 2009). Here, neuropsychology and educational sciences 
could learn from each other and together expand our knowledge on learning. 
With the present thesis, we have only started to explore some factors related to school 
performance. The findings of the present thesis may lead to better understanding of individual 
differences between students, which may eventually lead to interventions and practical advice 
for teachers. The findings of this thesis itself do not give clear-cut advice to teachers on how 
to handle differences between boys and girls, and what to do with students who do not eat 
breakfast or do not sleep enough. Fortunately, there is already a lot of knowledge in the scientific 
literature on sex differences, breakfast and sleep, and the development of adolescents, that may 
not have reached teachers. Publication in scientific journals is not the best place to inform 
teachers: therefore, latest scientific evidence should be spread through journals for teachers 
and other professionals, websites and in teacher education.  
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Students in secondary school show large individual differences in school performance, even 
when they follow exactly the same classes. What could cause these differences? The present thesis 
investigated whether three factors, namely sex differences, breakfast consumption, and sleep, 
are determinants of individual differences in adolescents’ school performance. It also examined 
neuropsychological mechanisms that might explain the influence of these determinants on 
school performance. See Chapter 1 for an introduction.  
The study in Chapter 2 investigated whether sex differences in vocabulary could explain girls’ 
better performance on a language subject (Dutch). This question was investigated in two 
samples. In the first sample, 123 adolescents aged 14-–20 years completed a vocabulary test 
with an open-ended answer format. In the second sample, 556 adolescents aged 12–18 years 
completed a multiple-choice version of this test. In both samples, boys outperformed girls in 
knowledge of abstract nouns, yet vocabulary predicted report marks for language only in girls. 
It thus appears that vocabulary is not the mechanism underlying sex differences in language 
performance at school. 
The results of the first study emphasized the importance of examining mechanisms underlying 
sex differences in vocabulary more closely. In Chapter 3, we found that sex differences in 
vocabulary disappeared when words were presented in the context of a sentence. This was the 
result of a within-subjects experiment in 87 adolescents aged 13–15 years. They completed a 
20-item multiple-choice vocabulary test with abstract nouns, of which half were presented in 
a sentence and half without a sentence. When words were presented without a sentence, boys 
outperformed girls. When words were presented in a sentence, girls’ performance improved 
to boys’ level, whereas no improvements for boys were found. 
The study in Chapter 4 investigated another mechanism underlying sex differences in school 
performance. Here, the relation between executive functions and school performance was 
examined. In a sample of 173 healthy adolescents in preuniversity education, aged 12–18 years, 
two objective tests of executive functions (Sorting Test and Tower Test from the Delis-Kaplan 
Executive Function System, D-KEFS) did not relate to report marks. A self-report measure of 
executive functions (Behavior Rating Inventory of Executive Function – Self-Report Version, 
BRIEF-SR) did relate to report marks, but could not predict report marks after controlling for 
grade, sex, and level of parental education. Moreover, these results did not differ for boys and 
girls. Thus, in healthy, high-performing adolescents these executive function tests were no 
better predictors of school performance than demographic variables. 
In Chapter 5, self-reported cooperation skills were investigated in a study in 1,630 adolescents 
aged 14–15 years. Cooperation skills can be considered a measure of school performance, since 
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many schools aim to teach their students how to cooperate. Results showed that girls reported 
better cooperation skills than boys. Adolescents who reported better planning and initiative 
on the Amsterdam Executive Function Inventory (AEFI) also reported better cooperation 
skills. Nevertheless, executive functions could not explain sex differences in cooperation skills. 
In Chapter 6, the effects of breakfast consumption on school performance were examined. 
Breakfast skipping is common in adolescents, but research on the effects of breakfast skipping 
on school performance is scarce. A survey study of 605 adolescents aged 11–18 years showed 
that adolescents who habitually skip breakfast performed less well at school than breakfast 
eaters. The findings were similar for younger and older adolescents, and for boys and girls. 
Adolescents with an evening chronotype were more likely to skip breakfast, but chronotype 
was unrelated to school performance. Furthermore, attention problems partially mediated the 
relation between breakfast skipping and school performance.
The study in Chapter 7 investigated whether the relation between sleep and school performance 
in adolescents depends on the school performance measure used: objective school grades, self-
reported school performance, or parent-reported school performance. Data from 561 adolescents 
aged 11–18 years showed that self- and parent-reported school performance correlated moderately 
with school grades. Sleepiness predicted school grades and self-reported school performance. 
Sleep quality predicted parent-reported school performance. Thus, the relation between sleep 
and school performance depends on the measure of school performance that is used.
In the study in Chapter 8 we found support for the hypothesis that sleep influences school 
performance in adolescents through executive functions. This was a cross-sectional study in 
2,842 ninth-grade students aged 14.25–15.25. Sleep quality was related to school performance 
measured with standardized tests of language and mathematics, and this effect was mediated 
by self-reported executive functions on the AEFI. For sleepiness, no effect on school 
performance was seen. However, there was still a significant indirect effect of sleepiness on 
school performance through executive functions. For language performance, these relations 
were stronger in boys than in girls. 
The conclusion of the thesis (Chapter 9) is that sex differences, breakfast consumption and 
sleep all have been shown to be determinants of individual differences in school performance 
of adolescents. With this thesis, more knowledge has been acquired on the neuropsychological 
mechanisms underlying these relations. The approach used in this thesis may be called 
‘educational neuropsychology’. This may be a promising new discipline that complements 
existing disciplines in the field of education, since it has access to findings from neuroscience 
and a language to translate these findings to behaviors in the classroom.
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Er bestaan grote individuele verschillen in schoolprestatie tussen leerlingen in het voortgezet 
onderwijs, zelfs als ze in dezelfde klas zitten en dezelfde lessen volgen. Waardoor ontstaan 
deze verschillen? In dit proefschrift is onderzoek gedaan naar de vraag of sekseverschillen, 
ontbijtgedrag en slaap determinanten zijn van individuele verschillen in schoolprestatie van 
adolescenten. Ook zijn een aantal neuropsychologische mechanismen onderzocht die mogelijk 
de invloed van deze determinanten kunnen verklaren. Zie Hoofdstuk 1 voor een introductie. 
In Hoofdstuk 2 wordt in twee studies onderzocht of een verschil in woordenschat kan verklaren 
waarom meisjes hogere cijfers halen voor Nederlands dan jongens. In de eerste studie maakten 
123 adolescenten van 14–20 jaar een woordenschattest die bestond uit open vragen. In de 
tweede studie werd dezelfde test gemaakt door 556 adolescenten van 12–18 jaar, nu met 
meerkeuzevragen. In beide studies lieten jongens meer kennis van abstracte zelfstandige 
naamwoorden zien dan meisjes, maar voorspelde woordenschat alleen bij meisjes het cijfer voor 
Nederlands. Dit geeft aan dat woordenschat niet het mechanisme is waarmee sekseverschillen 
in cijfers voor Nederlands verklaard kunnen worden. 
Naar aanleiding van de eerste studies is nader onderzoek gedaan naar het mechanisme dat 
ten grondslag ligt aan sekseverschillen in woordenschat. Uit het onderzoek in Hoofdstuk 3 
bleek vervolgens dat sekseverschillen op een woordenschattest verdwijnen als de woorden 
worden gepresenteerd in een zin. Dit was de uitkomst van een within-subject experiment bij 87 
adolescenten van 13–15 jaar. Zij maakten een meerkeuze woordenschattaak met 20 abstracte 
zelfstandige naamwoorden, waarvan de ene helft wel en de andere helft niet in een zin werd 
gepresenteerd. Als de woorden niet in een zin stonden, haalden jongens een hogere score dan 
meisjes. Als de woorden wel in een zin stonden, gingen de scores van meisjes omhoog naar 
het niveau van de jongens. Bij jongens bleven de scores gelijk. 
In Hoofdstuk 4 is een ander mechanisme onderzocht dat ten grondslag zou kunnen liggen 
aan sekseverschillen in schoolprestaties. Nu werd de relatie tussen executief functioneren en 
schoolprestatie bekeken. Bij 173 gezonde adolescenten van 12–18 jaar van het voorbereidend 
wetenschappelijk onderwijs (vwo) bleken de scores op twee objectieve executieve functietests 
(de Sorting Test en de Tower Test van de Delis-Kaplan Executive Function System, D-KEFS) niet 
gerelateerd te zijn aan rapportcijfers. Een zelfrapportage-vragenlijst over executief functioneren 
(Behavior Rating Inventory of Executive Function – Self-Report Version, BRIEF-SR) was wel 
gerelateerd aan rapportcijfers, maar voorspelde geen rapportcijfers nadat was gecontroleerd voor 
schooljaar, geslacht en opleidingsniveau. Bovendien waren deze resultaten niet verschillend voor 
jongens en meisjes. In gezonde, bovengemiddeld presterende adolescenten zijn deze executieve 
functiematen dus geen betere voorspellers van schoolprestatie dan demografische variabelen.
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In Hoofdstuk 5 werd bij 1630 14–15 jarige adolescenten onderzocht hoe goed ze zelf 
vinden dat ze kunnen samenwerken. Samenwerkingsvaardigheden kunnen als maat voor 
schoolprestatie worden beschouwd, omdat veel scholen als doel hebben om hun leerlingen 
goed te leren samenwerken. Uit de studie bleek dat meisjes betere samenwerkingsvaardigheden 
rapporteerden dan jongens. Adolescenten die op de Amsterdam Executive Function Inventory 
(AEFI) aangaven dat ze beter waren in planning en initiatief nemen, rapporteerden ook 
betere samenwerkingsvaardigheden. Het executief functioneren kon de sekseverschillen in 
samenwerkingsvaardigheden echter niet verklaren.
In Hoofdstuk 6 is onderzocht of regelmatig ontbijten gerelateerd is aan schoolprestatie. Ontbijt 
overslaan komt veel voor bij adolescenten. Toch is er weinig onderzoek gedaan naar de effecten 
ervan op schoolprestatie. Uit deze vragenlijststudie bij 605 adolescenten van 11–18 jaar bleek 
dat adolescenten die regelmatig het ontbijt overslaan minder goed presteren op school dan 
adolescenten die elke dag ontbijten. Deze bevindingen waren hetzelfde voor jonge en oude 
adolescenten, en voor jongens en meisjes. Adolescenten die een avond-chronotype hadden ( 
‘avondmensen’), bleken vaker het ontbijt over te slaan, maar chronotype was niet gerelateerd 
aan schoolprestatie. Daarnaast medieerden aandachtsproblemen gedeeltelijk de relatie tussen 
ontbijt en schoolprestatie.
In Hoofdstuk 7 is onderzocht of de relatie tussen slaap en schoolprestatie bij adolescenten 
afhankelijk is van hoe schoolprestatie is gemeten. Er werden diverse maten voor schoolprestatie 
vergeleken: objectieve schoolcijfers, zelf-gerapporteerde schoolprestatie, of door ouders 
gerapporteerde schoolprestatie. Op basis van de gegevens van 561 adolescenten van 11–18 
jaar bleek dat door ouders of adolescenten gerapporteerde schoolprestatie matig correleerde 
met objectieve schoolcijfers. Slaperigheid voorspelde zowel schoolcijfers als zelfgerapporteerde 
schoolprestatie. Slaapkwaliteit voorspelde enkel door ouders gerapporteerde schoolprestatie. 
De relatie tussen slaap en schoolprestatie hangt dus af van de wijze waarop schoolprestatie 
wordt gemeten. 
In Hoofdstuk 8 vonden we bewijs voor de hypothese dat slaap schoolprestatie van adolescenten 
beïnvloedt via executieve functies. Dit bleek uit een cross-sectionele studie bij 2842 derdeklassers 
van 14–15 jaar oud. Slaapkwaliteit was gerelateerd aan schoolprestatie gemeten met 
standaardtoetsen voor taal en wiskunde. Dit effect werd gemedieerd door zelf-gerapporteerd 
executief functioneren op de AEFI. Er werd geen relatie gevonden tussen slaperigheid en 
schoolprestatie. Wel was er een significant indirect effect van slaperigheid op schoolprestatie 
via executieve functies. Voor de prestatie op taal waren deze relaties sterker bij jongens dan 
bij meisjes.
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De conclusie van dit proefschrift (Hoofdstuk 9) is dat sekseverschillen, ontbijt en slaap 
allemaal determinanten zijn van individuele verschillen in schoolprestatie van adolescenten. 
Dit proefschrift vergroot de kennis over de neuropsychologische mechanismen die deze 
relaties kunnen verklaren. De benadering die in dit proefschrift gebruikt is, kan ook wel 
‘onderwijsneuropsychologie’ worden genoemd. Dit is een veelbelovende aanvulling op 
reeds bestaande disciplines in het onderwijsveld, omdat het toegang heeft tot kennis uit de 
neurowetenschappen en een taal heeft om deze bevindingen naar gedrag in de klas te vertalen.
*
Dankwoord 
(Word of thanks)
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Er zijn een heleboel mensen die ik wil bedanken voor hun bijdrage aan dit proefschrift. 
Als eerste wil ik alle adolescenten en ouders bedanken die hebben deelgenomen aan de studies 
die in dit proefschrift worden beschreven. Ook wil ik graag de scholen bedanken waar we de 
onderzoeken mochten uitvoeren. Zonder jullie medewerking en inzet was dit proefschrift er 
niet geweest!
Dan Jelle en Lydia, mijn promotoren, van wie ik veel heb geleerd en die mij steunden als het 
eens wat moeilijker ging. Jelle, bedankt voor de inspirerende gesprekken die we hebben gevoerd 
en voor de vele mogelijkheden die je me hebt geboden, onder andere dat ik mee kon naar de 
VU. Lydia, bedankt voor je flexibele instelling en je pragmatische manier van aanpakken, dat 
werkte heel motiverend.
Sanne en Nikki, mijn paranimfen, bedankt. Werk is niet hetzelfde zonder jullie als collega’s. 
Het is fijn om met jullie samen te werken: het gaat gemakkelijk, is productief en ook nog 
eens heel gezellig! Ik vind het heel jammer dat we binnenkort niet meer op dezelfde afdeling 
werken. Sanne, ik zal je heel erg missen als kamergenoot. Nikki, ik zal het missen als we straks 
niet meer zomaar even bij elkaar kunnen binnenvallen met een vraag of om even te kletsen.
Alle co-auteurs: Aukje, Carolijn, Renate, Hans, Greetje, Meinou, Bastiaan, bedankt voor jullie 
input, de data waar ik gebruik van mocht maken en jullie kritische blik! 
Renate Siebes, bedankt voor het maken van de opmaak van dit proefschrift. Het is fijn dat je 
me deze klus uit handen kon nemen en het is erg mooi geworden! Nico Rozendaal, de meest 
dienstbare ICT-alleskunner die ik ken, bedankt voor ICT-ondersteuning op elk moment. Alle 
secretariaten, bedankt voor jullie hulp en inzet.
Ik wil ook graag alle collega’s bedanken: zowel van de Universiteit Maastricht (afdeling Psychia-
trie en Neuropsychologie) als de Vrije Universiteit Amsterdam (afdelingen Onderwijsneurowe-
tenschap en Ontwikkelingspedagogiek). En niet te vergeten alle stagiaires, m-these-studenten, 
en onderzoeksmedewerkers die hebben bijgedragen aan het onderzoek.
Tenslotte bedank ik graag mijn familie en vrienden voor alle steun en gezelligheid. Drie mensen 
daarvan wil ik in het bijzonder noemen. Mijn ouders, met wie ik heel wat uren heb gebeld en 
die ook nog eens de voorkant van dit proefschrift hebben geschilderd (Gerda) en me er met 
belangrijke relativerende opmerkingen doorheen hebben gesleept (Teun: “‘t Is gewoon wark, 
An” en “Alles met computers duurt acht keer langer as da’j’ denkt”). En natuurlijk Dirk-Jan, 
mijn man! Die mijn leven kwam binnenwandelen toen dit proefschrift ‘bijna’ af was (eind 
2009), die me er vanaf toen over heeft horen vertellen en die nu eindelijk het resultaat kan zien. 
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Annemarie Boschloo werd geboren op 3 december 1983 te Warnsveld en groeide op in Almen 
(Gld). Ze ging naar het vwo op het Baudartius College in Zutphen. Van september 2001 tot 
oktober 2006 volgde ze de opleiding psychologie aan de Universiteit Maastricht. Ze koos voor 
de richtingen biologische psychologie en cognitieve psychologie. Binnen deze richtingen 
specialiseerde ze zich in neuropsychologie en onderwijspsychologie. Daarnaast volgde ze enkele 
vakken aan de Radboud Universiteit Nijmegen. Ze liep een jaar klinische en onderzoeksstage 
in Hoensbroek bij het Hoensbroeck Revalidatiecentrum en het iRV Kenniscentrum voor 
Revalidatie en Handicap. Daar werkte ze op de afdeling CVA (Cerebrovasculair Accident) en 
onderzocht ze een groepsbehandeling voor depressie na een CVA. Tijdens en na haar studie 
werkte Annemarie als tutor bij de Faculteit der Psychologie van de Universiteit Maastricht. 
In februari 2007 begon Annemarie als onderzoeksmedewerker op het gebied van Hersenen 
en Leren bij de afdeling Psychiatrie en Neuropsychologie van de Faculteit Health, Medicine 
and Life Sciences aan de Universiteit Maastricht. In mei 2007 werd deze baan omgezet in een 
promotietraject naar determinanten van schoolprestaties bij adolescenten. Van december 2008 
tot en met juni 2012 zette ze dit onderzoek voort aan de Vrije Universiteit te Amsterdam, bij 
de afdeling Onderwijsneurowetenschap van de Faculteit der Psychologie en Pedagogiek. 
Sinds oktober 2011 is Annemarie als onderzoeker verbonden aan de afdeling Ontwikke-
lingspedagogiek van de Faculteit der Psychologie en Pedagogiek van de Vrije Universiteit te 
Amsterdam. Hier onderzoekt ze of een cursus waarin ouders en adolescenten beter met elkaar 
leren communiceren effect heeft op stressniveau, slaap en schoolprestaties van adolescenten.
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